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ABSTRACT
This th esis  orig inated in  a  w arehousing  com pany in  Calgary, 
C anada. The m anagem en t of th is  p a rticu la r w arehouse  is in te rested  in  
schedu ling  em ployees so a s  to exactly fulfill daily requ irem ents. Since 
the  com pany m u s t pay  benefits to a ll em ployees it is desirable to  fill th e  
workforce w ith  full tim e em ployees before p a r t  tim e em ployees. T his 
c o n stra in t im plies th e  problem  is a  m ixed linear in teger problem ; full 
tim e em ployees are  considered in teger u n its  an d  p a r t  tim e em ployees are  
considered  linear u n its .
T his th esis  p resen ts  a n  a lgorithm  th a t  solves th is  problem  w ithou t 
u s in g  m ixed in teger linear p rogram m ing techn iques, w hich are  often 
unreliab le  and  u n stab le . The h eu ris tic  p resen ted  in  th is  th es is  is derived 
in  p a r t  from  B artholdi, Orlin an d  Ratliffe's (k, m)-cyclic staffing algorithm  
and  in  p a r t  from  th e  Browne an d  P ropp 's F irs t Period Principle.
The heu ris tic  allows employee scheduling  u sin g  stab le  an d  well 
te s ted  tools, nam ely  linear p rogram m ing tools an d  basic  m athem atics .
In addition  a  m onte carlo analysis of th e  problem  resu lted  in  optim al 
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1.1 B ackground Inform ation
T his th esis  topic orig inated a t  th e  U niversity of C algary from  Dr. 
E dw ard A. Silver, Professor an d  C arm a C hair in  opera tions m anagem ent. 
A com pany h ad  con tacted  Dr. Silver to get guidance on  personnel 
scheduling . This com pany w as concerned  w ith n igh t-tim e schedu ling  of 
em ployees. The n igh t-tim e w ork  varied, b u t  h ad  to be  fin ished  nightly. 
Since benefits a re  pa id  by  th e  em ployer an d  part-tim e  em ployees m u s t be 
given full benefits u n d e r  C anad ian  law, the  com pany w as in te res ted  in  
m axim izing th e  u se  of full-tim e em ployees. T his problem  can  be easily 
form ulated  a s  a  linear p rogram m ing problem , b u t  since b o th  full-tim e 
an d  part-tim e  em ployees a re  utilized, th is  can n o t be solved w ith  linear 
program m ing techn iques. T his w ould lead one to believe th a t  only m ixed 
in teger linear program m ing (MILP) techn iques could be u se d  to  solve the  
problem .
1.2 Objective
It w as n o t know n if a n  optim al so lu tion  could be ob tained  by  u sin g  
only MILP techn iques, or if th e re  w as som e h eu ris tic  th a t  w ould also 
arrive a t  th e  optim al so lu tion . One objective of th is  th e s is  is to determ ine 
if, indeed, th e  optim al so lu tion  to th e  employee schedu ling  problem  can  
re su lt only from  applying a  MILP technique.
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A detailed descrip tion  of th e  schedu ling  problem  will be followed by  
a  sh o rt d iscussion  of linear program m ing  (LP), in teger p rogram m ing (IP) 
an d  MILP. Portions of two key algorithm s, the  (k, m)-cyclic staffing 
a lgorithm  and  th e  first period principle, a re  incorporated  in to  th e  
heu ris tic . An exp lanation  of th ese  algorithm s, how  they  are incorpora ted  
in to  th e  heuristic , an d  how  to com pare the  h eu ris tic  to a  MILP is given. 
Finally, general conclusions from  a  m onte carlo analysis an d  suggestions 




This p a rticu la r w arehouse  is in  operation  S u n d ay  th ro u g h  
T h u rsd ay  n igh ts . The w orkload requ irem en ts are  know n for each  of 
th ese  n ights, b u t  m ay vary  d rastically  from n igh t to n ight. T hese 
requ irem en ts are  m et by  utilizing part-tim e em ployees w hen  th e  exact 
w orkload requ irem en ts a re  n o t m et by  full-tim e em ployees. An employee 
is designated  a s  a  full-tim e em ployee w hen  forty h o u rs  p er w eek are  
w orked u n d e r any  of th e  following schedules. The first type of schedu le  
a ssigns the  employee to  w ork S u n d ay  th rough  T h u rsd ay  n igh ts , eight 
h o u rs  p e r night. The second th ro u g h  six th  types of schedu les assign  
em ployees to w ork four ten -h o u r n ig h ts  w ith  th e  fifth n igh t off. The 
difference betw een the  four ten  h o u r schedu le  types is ju s t  w hich  n igh t 
th e  employee h a s  off. A su m m ary  of each  of th e  six  schedu le  types is 
show n in Table 2.1.
Table 2.1. S um m ary  of Em ployee Schedule T ypes.
Type Sunday Monday Tuesday Wednesday Thursday
1 ON ON ON ON ON
2 OFF ON ON ON ON
3 ON OFF ON ON ON
4 ON ON OFF ON ON
5 ON ON ON OFF ON
6 ON ON ON ON OFF
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Since the  com pany m u s t pay  benefits to all em ployees, th e  goal of 
the  m anagem en t is to m axim ize th e  n u m b er of full-tim e em ployees w ho 
are  on the  n igh t shift, while a t  th e  sam e tim e exactly fulfilling th e  n ightly  
w orkload requ irem ents. The first s tep  in  obtain ing  a  so lu tion  w as to 
determ ine if any  algorithm s exist th a t  solve th is  problem . Several 
analyses of five day  work-w eeks (with two days off) exist: T ibrew ala, 
Phillipe an d  Brow n's algorithm  (M anagem ent Science, 1972), B echtold 
an d  Show alter's a lgorithm  (Production and  Inventory M anagem ent,
1985), B echtold 's accelerated  p rocedure  (O perations M anagem ent, 1981), 
first period principle (Industrial E n g ineering ,1979 , 1980); an d  M onroe's 
a lgorithm  (Industrial Engineering, 1970), ju s t  to m en tion  a  few. A nalyses 
also exist on the  four-day  work-week: Brown an d  R avinder’s  a lgorithm  
(Institu te  of T ranspo rta tion  E ng ineers 57 th  A nnual Meeting, 1987) an d  
th e  first period principle (Industrial Engineering, 1979, 1980).
No docum en ta tion  w as found  for cases w here w hen  b o th  four-day  
an d  five-day w ork schedu les are  perm itted . Of course, a  MILP techn ique  
w ould solve th is  problem , b u t is th e re  an o th e r a lgorithm  w hich  also 
solves the  problem ? T here is, b u t  first an  overview of program m ing 
tech n iq u es will be p resen ted .
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CHAPTER 3
LINEAR, INTEGER AND MIXED INTEGER LINEAR PROGRAMMING
3.1 L inear Program m ing
A linear program  m axim izes or m inim izes a  linear equation  
(called an  objective function) su b jec t to a se t of linear restric tions (called 
constra in ts). M athem atically, a  linear program  can  be w ritten  a s  show n 
in  equation  3.-1 or equation  3 .2  (Linear Program m ing an d  E xtensions, 
1981, C h ap te r three):
n
Maximize: z =  EciXj  (3.1)
j = l J J
n
S ub ject to: Z a« x* <= b* i = l , . . . ,n  
j= l  J J
w here z = objective,
cj = profit for decision variab le  j,
xj = decision variable,
ay = cost of decision variables,
bj = c o n s tra in t requ irem en ts , an d




z = £  Cj Xj (3.2)
j= lJ J
n
£  aii Xj >= bj i = 1  n
j= l  J J
z = objective,
cj = cost of decision variable, 
xj = decision variable, 
ay = profit of decision variables, 
bi = co n stra in t requ irem ents, an d  
cj, ay, by Xi are  all real n u m bers , and  all x* >= 0 .0 .
C u rren t LP techn iques e ither converge to a  so lu tion  rapidly, or 
quickly indicate there  is no feasible solution. LP tech n iq u es su c h  a s  the  
(revised) sim plex m ethod  have been  n o t only thoroughly  analyzed b u t 
also have been  incorporated  in to  com m ercial softw are p roducts . M ost of 
the  com m ercial LP p ro d u c ts  h an d le  a  large n u m b er of variab les a n d /o r  
co n stra in ts  and  are very reliable (Linear Program m ing an d  E xtensions,
1981, C hap ter seven).
3 .2  Integer Program m ing
Linear p rogram m ing does n o t require  th a t  th e  decision variab les be 
integer. T his is the  c o n stra in t th a t  in teger p rogram m ing (IP) ad d s to th e  
linear program m ing m odel. Problem s form ulated  a s  IP's a re  m u ch  m ore 
difficult to solve th a n  problem s form ulated  a s  LP's. A naive ap p ro ach  to 
solving a n  IP problem  is to sim ply ro u n d  th e  decision variab les to integer. 





n o t be feasible. If, however, th e  so lu tion  is feasible, it is n o t gu aran teed  
to be optim al (Introduction to O perations R esearch, 1990 pp. 467-468). 
Analytic IP m ethods u su a lly  have degeneracy problem s; th a t  is, due  to 
num erica l e rro rs  these  m ethods will ten d  to take  a  long tim e to converge 
(Integer Program m ing, 1975 pp. 505-525). A nother problem  w ith  
app lication  of IP is there  is a  sm all n u m b er of com m ercially available 
p ro d u c ts  th a t  solve IP's, an d  th e  ones th a t  a re  available tend  to take  very 
long to ru n . M ost successfu l IP algorithm s u se  a  techn ique w hereby th e  
in teger co n s tra in t is relaxed; th e  problem  is solved w ith  LP techn iques 
an d  th e n  rou n d ed  to a n  in teger solution.
3 .3  Mixed In teger L inear Program m ing
A Mixed in teger linear p rogram m ing (MILP) h a s  a  m ix tu re  of LP 
and  IP; th a t  is, som e decision variab les m u s t be in tegers, while o thers 
a re  allowed to be real. In addition , an y  MILP can  be re-form ulated  a s  an  
IP w hich  im plies th a t  MILP tech n iq u es have th e  sam e types of so lu tion  





The heu ris tic  to solve th is  schedu ling  problem  w as developed from 
a  (k, m)-cyclic staffing problem  d iscussed  by B artholdi, O rlin and  Ratliffe 
(O perations R esearch, 1980 pp. 1074-1085). The (k, m)-cyclic staffing 
algorithm  incorpora tes the  roundoff p rocedure  described  in  the  first 
period principle (FPP) developed by  Propp (IBM C orporation In ternal 
Report, 1978) and  u p d a ted  by  Brow ne an d  Propp (Industrial Engineering, 
1980, p. 1 2 ). This section  p resen ts  th e  (k, m)-cyclic staffing problem  
an d  th e  roundoff procedure.
4.1 (k, m)-Cyclic Staffing Problem
The (k, m)-cyclic staffing problem  described by  B artholdi, O rlin and  
Ratliffe m inim izes linear cost of a  n u m b er of em ployees w orking k  
consecutive sh ifts in  a n  m -period cycle, while m eeting  th e  w orkload 
requ irem en ts. T his m ethod  will be explained u sin g  a  step - by-step  
exam ple.
The first s tep  in  solving th e  (k, m)-cyclic staffing problem  is to  fully 
define th e  problem . The exam ple show n will consider th e  typical five-day 
w ork w eek w ith  two consecutive days off. The possib ilities a re  show n in  
Table 4.1; a n  en try  of "on" in  th e  tab le  m eans th a t  a n  em ployee w ould 
w ork  th a t  day, while a n  "off* signifies th a t  th e  em ployee w ould have th e
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day  off. For exam ple, an  em ployee w ith  a  type-1 schedule  w orks M onday 
th ro u g h  Friday, w ith S a tu rd ay  an d  S un d ay  off.
Table 4.1 Scheduling  possib ilities five days on, two days off.
Mon Tues Wed Thurs Fri Sat Sun
Type 1 ON ON ON ON ON OFF OFF
Type 2 ON ON ON ON OFF OFF ON
Type 3 ON ON ON OFF OFF ON ON
Type 4 ON ON OFF OFF ON ON ON
Type 5 ON OFF OFF ON ON ON ON
Type 6 OFF OFF ON ON ON ON ON
Type 7 OFF ON ON ON ON ON OFF
S uppose  th e  com pany m u s t sta ff 100 em ployees on M onday, 95 
em ployees on T uesday, 83 em ployees on W ednesday, 104 em ployees on 
T hursday , 97 em ployees on  Friday, 111 em ployees on S a tu rd ay  an d  103 
em ployees on S unday . T hese em ployee staffing requ irem en ts  are  
sum m arized  in  Table 4.2.
Table 4 .2  Employee Daily R equirem ents
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
1 0 0 95 83 104 97 i n 103
In addition, suppose  th a t  no type of employee w ork schedu le  h a s  
any  precedence over an y  o th er type, w hich im plies th a t  th e  cost for each  
type of schedu le  is equal. T hough  th is  m ay n o t be  a  realistic  a ssu m p tio n  
it will be adhered  to, for th e  sake  of explaining th e  techn ique . If Xj 
rep re sen ts  th e  n u m b er of em ployees on w ork schedu le  i, an d  th e  costs of
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each  type of schedu le  are  a ssu m ed  to be one, for sim plicity, th e  objective
function  of th e  (5,7)-cyclic staffing problem  is defined by  equation  4.1.
M inimize z = x j  + X2  + X3  + X4  + X5 + xg + X7  (4.1)
The profit of each  type of employee schedu le  is also one. For
exam ple, if a n  employee is schedu led  on a  type -1  schedule , th e n  th a t
employee fulfills one employee requ irem en t every day  from M onday to
Friday, b u t  n o t on S a tu rd ay  or S unday . E quation  4 .2  show s the
corresponding  c o n stra in t for a  type -1  schedule .
x j  + X2  + X3  + X4  + X5  >= 100. (4.2)
The co n stra in ts  for th e  o th er types of schedu les can  be fo rm ulated
sim ilarly. E quation  4 .3  p resen ts  th e  com plete form ulation.
Minimize z = x \  + X2  + X3  + X4  + X5 + xg + x j  (4.3)
Subject To:
x i + x 2  + x 3 + x 4  + x 5  >=100 Monday's requirement,
x j  + x 2  + X3 + X4  + x 7  >= 95 Tuesday's requirement,
x l + x 2  + x 3 + xg + x 7  >= 83 Wednesday's requirement,
x l + x 2  + X5 + xg + x 7  >= 104 Thursday's requirement,
x l + x 4  + x5 + xg + x 7  >= 97 Friday's requirement,
x 3  + x 4  + x5 + xg + x 7  >= 111 Saturday's requirement, 
x2 + x3 + x 4  + x5+ * 6  >=103 Sunday’s requirement,
and, xj >= 0 , and x* are integer for all i.
The nex t s tep  in  B artholdi, O rlin and  Ratliffe's m ethod  involves 
finding th e  LP solution. It shou ld  be no ted  th a t  th is  portion  of th e  
m ethod  relaxes th e  c o n stra in t th a t  all x \  be integer, w hich  is n o t realistic  
since th e  u n its  a re  em ployees (people). The LP so lu tion  w as found u sin g  
a  software package called STORM . STORM is a  com m ercial softw are 
package consisting  of several m odeling techn iques, includ ing  LP a n d  IP.
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The optim al LP so lu tion  schedu les 2 .8  type-1 em ployees, w hich  im plies 
th a t  2 .8  type-1 em ployees are  schedu led  every day, M onday th rough  
Friday, and  no ty p e -1 em ployees are  scheduled  S a tu rd ay  or Sunday . The 
optim al so lu tion  for th e  o th er types are: 24 .8  type-2, 16.8 type-3, 17.8 
type-4, 37 .8  type-5, 5 .8  type-6 , an d  32.8  type-7 em ployees. The-. 
schedu le  types are  show n in  Table 4 .1 , and  th e  optim al so lu tions are  
sum m arized  in  Table 4.3.
The to ta l n u m b er of em ployees schedu led  on a  specific day  can  be 
found by  sum m ing  th e  n u m b er of em ployees schedu led  for each  of the  
types th a t  a re  schedu led  on th a t  day. These daily to ta ls  are  show n in 
Table 4.3. Notice th a t  these  daily to ta ls  exactly m a tch  th e  daily 
requ irem en ts show n in  Table 4.2: 100 em ployees are  schedu led  on 
M onday, 95 on T uesday, 83 on  W ednesday, 104 on T hursday , 97  on 
Friday, 1 1 1 on  S a tu rd ay  an d  103 on Sunday.
Table 4 .3  LP Solution S um m ary  For D ifferent Schedu
Type Mon Tues Wed Thurs Frl Sat Sun
1 2 .8 2 .8 2 .8 2 .8 2 .8 0 0
2 24.8 24.8 24.8 24.8 0 0 24.8
3 16.8 16.8 16.8 0 0 16.8 16.8
4 17.8 17.8 0 0 17.8 17.8 17.8
5 37.8 0 0 37.8 37.8 37.8 37.8
6 0 0 5.8 5.8 5.8 5.8 5.8
7 0 32.8 32.8 32.8 32.8 32.8 0




The LP solu tion  w ould be optim al if it were feasible, b u t  since the  
in teger c o n s tra in t w as relaxed, th is  is n o t the  case. A roundoff p rocedure  
to arrive a t  an  in teger so lu tion  is th e  nex t s tep  in  th e  B artholdi, Orlin 
an d  Ratliffe m ethod. T his p rocedure  orig inates from th e  F irs t Period 
Principle, w hich  is described  in  A ppendix A. The first s tep  in  the  
roundoff p rocedure  is to ob tain  th e  cum ulative su m s of th e  n u m b er of 
em ployees assigned  to each  of th e  schedu le  types (defined by  th e  LP 
solution, Table 4.3). This is show n in Table 4.4. To ob tain  a n  in teger 
so lu tion  th e  su m s are rounded  u p  as show n in  Table 4.5.
Table 4 .4  C um ulative ]Employees AssiLgned To Sched ule  Types
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
LP Solution* 2 .8 24.8 16.8 17.8 37.8 5.8 32.8
Cumulative _ ** Sum
2 .8 27.6 44.4 62.2 1 0 0 105.8 138.6
Calculate the Cumulative Sums of the LP solutions across the different types.
1  C l U i L  A •  k J  A A A
Type 1 Type 2 Type 3
r c c o  a o c
Type 4 Type 5 Type 6 Type 7it
Cumulative Sum 2 .8 27.6 44.4 62.2 1 0 0 105.8 138.6
Integer Sum** 3 28 45 63 1 0 0 106 139
** Round the cumulative sum up.
Finally, to determ ine th e  to ta l n u m b er of em ployees to schedule , 
th e  (integer) cum ulative n u m b er of em ployees from  th e  previous day  
m u s t be su b tra c ted  from  each  day 's in teger sum . T his is show n in  Table
4.6. Em ployees a re  schedu led  a s  follows: th ree  em ployees w ith
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S a tu rd ay  and  S u n d ay  off (type-1), twenty-five em ployees w ith  F riday and  
S a tu rd ay  off (type-2), seventeen  em ployees w ith T h u rsd ay  and  F riday  off 
(type-3), eighteen em ployees w ith  W ednesday an d  T h u rsd ay  off (type-4), 
th irty -seven  em ployees w ith  T uesday  and  W ednesday off (type-5), six 
em ployees w ith  M onday an d  T uesday  off (type-6 ) an d  th irty -th ree  
em ployees schedu led  w ith  S un d ay  an d  M onday off (type-7).
Table 4 .6  F inal em ployee assignm en t to schedu le  types
Tvpe 1 Tvpe 2 Tvpe 3 Type 4 Type 5 Type 6 Type 7
Integer Sum* 3 28 45 63 1 0 0 106 139
Previous Sum** 0 3 28 45 63 1 0 0 106
Number To Assign 3 25 17 18 37 6 33
* Obtained From Table 4.5.
** Previous days sum, type-1 has subtracts 0.
*** Difference of integer sum and the previous sum.
Table 4 .6  p re sen ts  employee schedu ling  by  schedu le  types. U sing 
the  "num ber to assign", each  of the  types is assigned  by  days in  Table
4.7. For exam ple, th ree  em ployees a re  schedu led  on  a  type-1 schedule , 
im plying they  will w ork M onday th ro u g h  Friday, w ith  S a tu rd ay  an d  
S u n d ay  off. Twenty-five em ployees a re  schedu led  on  a  type-2 schedule , 
m eaning  they  will w ork M onday th ro u g h  T h u rsd ay  an d  S unday . The 
rem ain ing  types are  show n in  tab le  4.7.
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Table 4 .7  Final Daily Em ployee Schedule By Type
TVpe Mon Tues Wed Thurs Fri Sat Sun
1 3 3 3 3 3 0 0
2 25 25 25 25 0 0 25
3 17 17 17 0 0 17 17
4 18 18 0 0 18 18 18
5 37 0 0 37 37 37 37
6 0 0 6 6 6 6 6
7 0 33 33 33 33 33 0
Daily Sums 1 0 0 96 84 104 97 11 1 103
The to tal n u m b er of em ployees scheduled  is 139, and  all daily 
requ irem en ts have been  m et. O ne note ab o u t the  solution: T uesday  an d  




The m ajor differences betw een the  (k, m)-cyclic staffing m ethod  
an d  th e  h eu ris tic  a re  th e  form ulation  an d  the  fin ishing steps. The 
form ulations are  different b ecau se  th e  two problem s are  different. The 
(k, m)-cyclic staffing m ethod  m inim izes the  linear cost of em ployees 
w orking k  consecutive sh ifts in  a n  m -period cycle. Since th e  com pany 
m u s t pay  benefits to all em ployees, full-tim e em ployees are  m ore 
desirable; therefore, th e  heu ris tic  m axim izes th e  n u m b er of full-tim e 
em ployees, while a t  the  sam e tim e exactly fulfilling th e  workload 
requ irem ents. The fin ishing s tep s  a re  required  in  th is  m ethod  to allow 
a ssig n m en t of part-tim e  em ployees to fulfill any  hourly  requ irem en ts n o t 
m et by  full-tim e em ployees. The form ulation, LP solution, roundoff 
p rocedure  an d  fin ishing s tep s of th e  h eu ris tic  will be p resen ted  by  
exam ple in  th is  section.
5.1 Form ulation
The employee schedu le  types for th is  problem  are  repeated  in  Table
5.1. The tab le  show s th a t  a n  em ployee assigned to a  type-1 schedu le  
w orks five e igh t-hour days, while th e  o th er five types w ork ten  h o u rs  a  
day  on th e ir  assigned  days.
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Table 5.1 S um m ary  of Employee Schec ule Types
Sunday Monday Tuesday Wednesday Thursday
Type 1 ON ON ON ON ON
Type 2 OFF ON ON ON ON
Type 3 ON OFF ON ON ON
Type 4 ON ON OFF ON ON
Type 5 ON ON ON OFF ON
Type 6  __ ON ON ON ON OFF
Suppose th a t  th e  requ irem en ts for each  n igh t of th e  w eek are  those  
show n in  th e  following table (Table 5.2).
Table 5.2 Employee daily requ irem en ts by hours.
Sunday Monday Tuesday Wednesday Thursday
135 114 106 152 151
The (k, m)-cyclic schedu ling  problem  assu m e s  th a t  no  type of 
schedu le  h a s  a  p riority  h igher th a n  any  o ther type of schedule . T his 
im plies th a t  the  cost of each  type of employee h o u r is one, no m a tte r  
w h a t type of schedu le  th a t  employee is assigned  to. T his a ssu m p tio n  is 
also valid in  the  heu ris tic . If Xj rep re sen ts  the  n u m b er of em ployee h o u rs  
assigned  to a  type i employee schedule , th en  th e  objective function  for 
m axim izing the  n u m b er of full-tim e em ployees is:
Maximize z = x^ + X2  + X3  + X4  + X5 + xg  (5.1)
T-4120 17
E ach  full-tim e employee w ho is assigned  to w ork on S u n d ay  n igh t
fulfills hourly  requ irem en ts on S u n d ay  night. Any em ployee assigned  to
schedu le  types one or th ree  th ro u g h  six  fulfills requ irem en ts for S unday
n igh t (equation 5.2).
x i  + X3  + X4  + X5  + xg  < = 1 3 5  (5.2)
The reason  th is  c o n stra in t is a  less-than -o r-equal-to  co n stra in t is th a t
part-tim e  em ployees will w ork an y  h o u rs  n o t m et by  full-tim e em ployees.
This im plies th a t  full-tim e em ployee h o u rs  m u s t n o t exceed an y  daily
requ irem ent, n o r shou ld  full-tim e p lu s  part-tim e  employee h o u rs  exceed
any  daily requ irem ent. _
Similarly, any  full-tim e em ployee schedu led  on  M onday n igh t is
assigned  to schedu le  types one, two, or four th ro u g h  six  (equation 5.3).
x l  + x 2  + X4  + X5  + xg  < = 1 1 4  (5.3)
The co n stra in ts  for th e  rem ain ing  n igh ts, T uesday  th ro u g h
T hursday , can  be determ ined in  a  sim ilar m anner. The com plete
form ulation  for th is  problem  is show n in  equation  5.4.
Maximize z = x^ + X2  + X3  + X4 + X5 + Xg (5.4)
Subject To:
x j  + X3  + X4  + X5  + xg  <= 135 S u n  requ irem ent, 
x l + x2 + X4  + X5  + X5  <= 114 M on requ irem en t,
x \  + x 2  + X3  + X5  + xg  < = 1 0 6  T ues requ irem ent,
X 1 + x2 + x 3+ *4: + xg  <= 152 Wed requ irem en t,
X 1 + x2 + x 3+ x 4  + x 5 < = 1 5 1  T h u rs  requ irem ent,
and , x i >= 0 , and  Xj a re  in teger for all i.
T-4120 18
5.2 L inear Program m ing Solution
The nex t step  in  the  h eu ris tic  after problem  form ulation, sim ilar to 
the  B artholdi, Orlin and  Ratliffe (k, m)-cyclic schedu ling  algorithm , is 
solving the  form ulation  as a  lin ear program m ing problem . The so lu tion  
is found by  relaxing th e  in teger co n stra in ts  on  th e  employee h ou rs.
STORM w as u sed  to determ ine the  LP solu tion . This so lu tion  
assigned  29 .5  employee h o u rs  to a  type-1 schedule , m eaning  th a t  
em ployees w orking a  type-1 schedu le  are  responsib le  for 29 .5  h o u rs  on 
the  n igh ts w hen they  are  schedu led  (Monday th ro u g h  Thursday)* The 
re su lts  of th e  o ther types are  show n in  Table 5.3.
Table 5.3 LP Solution S um m ary  For Different Schedule Types
.. * Sunday Monday Tuesday Wednesday Thursday
Type 1 0 0 0 0 - 0
Type 2 0 29.5 29.5 29.5 29.5
Type 3 50.5 0 50.5 50.5 50.5
Type 4 58.5 58.5 0 58.5 58.5
Type 5 12.5 12.5 12.5 0 12.5
Type 6 13.5 13.5 13.5 13.5 0
Daily Totals 135 114 106 152 151
The to ta l n u m b er of em ployee h o u rs  schedu led  for each  day  is 
found by  sum m ing  the  n u m b er of em ployee h o u rs  schedu led  for each  of 
the  types th a t  a re  schedu led  on  th a t  day. T his is also show n in  Table 
5.3. T hese to ta ls  exactly m a tch  th e  daily req u irem en ts  show n in  Table
5.2. Once th e  LP so lu tion  h a s  b een  found, a n  in teger so lu tion  m u s t be  




The roundoff p rocedure  is th e  nex t step  in  th e  heu ris tic . Again, 
th is  follows th e  B artholdi, O rlin an d  Ratliffe (k, m)-cyclic schedu ling  
m ethod. The roundoff p rocedure  m u s t be perform ed on th e  LP so lu tion  
since th e  in teger c o n s tra in t on th e  employee h o u rs  w as relaxed.
The first s tep  in  th e  roundoff p rocedure is to calcu late  the  
cum ulative su m s of th e  n u m b er of employee h o u rs  assigned  to each  of 
th e  schedu le  ty p es defined by  th e  LP solution. The cum ulative su m s are 
show n in  Table 5.4.
Table 5 .4  C um ulative Em ployee A ssignm ents Over Schedule Types.
Type 1 Type 2 Type 3 Type 4 Type 5 TVpe 6
LP Solution* 0 .0 29.5 50.5 58.5 12.5 13.5
Cumulative Sum“ 0 .0 29.5 80.0 138.5 151.0 165.0
‘Obtained from STORM 
Calculate the cumulative sums of the LP solutions across the different schedule types.
Next, the  in teger co n s tra in t m u s t be applied by  ro u nd ing  th e  
cum ulative  su m s up . T his is show n in  Table 5.5.
Table 5 .5  Integer c u m u la tIve su m s over th e  differenlt sch ed u le types.
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6♦Cumulative Sum 0 .0 29.5 50.5 58.5 12.5 13.5
Integer Sum“ 0 30 80 139 151 165
‘Obtained from Table 5.4 
Round the cumulative sums up to arrive at integer values.
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The nex t step  in  the  roundoff p rocedure  is to su b tra c t the  in teger 
cum ulative  n u m b er of employee h o u rs  from  the  previous day  from  th e  
in teger cum ulative employee h o u rs  of the  c u rre n t day  to get th e  n u m b er 
of employee h o u rs  to assign  to each  type of schedule . T his re su lts  in  
th irty  employee h o u rs  allocated to a  type -2  schedule , fifty employee 
h o u rs  allocated to a  type-3 schedule , fifty-nine h o u rs  allocated to a  type- 
4  schedu le , twelve h o u rs  allocated to a  type-5 schedule , an d  fourteen  
h o u rs  allocated to a  type -6  schedule . T hese re su lts  a re  sum m arized  in  
Table 5.6. “ — : v -----
Table 5 .6  Initial Employee Schedule By Sc led u le  T>fpes.
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Integer Sum** 0 30 80 139 151 165
Previous Sum 0 0 30 80 139 151
Initial Schedule** 0 30 50 59 12 14
^Obtained from Table 5.5 
Previous types integer sum, (type-1 use 0). 
Subtract the previous sum from the integer sum.
T his is the  po in t w here th e  h eu ris tic  diverges from  B artholdi, Orlin, 
an d  Ratliffe's (k, m)-cyclic schedu ling  m ethod. The schedu le  types, a s  
show n in Table 5.1, have a n  hourly  co n stra in t each  day  for full-tim e 
em ployees. For exam ple, a  type-1 full-tim e employee m ay w ork only 
eight h o u rs  on each  of th e  schedu led  days; likewise, a  type two, th ree , 
four, five or six  employee m ay w ork only te n  h o u rs  p er day. T hese 
co n stra in ts  a re  n o t applied  in  th e  B arthold i II, O rlin an d  Ratliffe m ethod. 
The heu ris tic  requ ires fin ish ing  s tep s  to apply  th ese  co n stra in ts .
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5.4 F in ish ing  S teps
First, u sin g  Table 5.1 an d  th e  initial schedu le  in  Table 5.6, a  
sum m ary  tab le  of th e  in itial schedu le  is show n in  Table 5.7.
Table 5.7 Initial Schedule
Sunday Monday Tuesday Wednesday Thursday
Type 1 0 0 0 0 0
Type 2 0 30 30 30 30
TVpe 3 50 o - 50 - 50 50
Type 4 59 59 0 59 59
Type 5 12 12 12 0 12
Type 6 14 14 - 14 14 0
Notice th e  fifty-nine h o u rs  th a t  a re  supposed  to be  assigned  to 
type-4 em ployees can n o t be satisfied  w ith  only type-4  em ployees (there is 
n ine h o u rs  of p a r t  tim e w ork in  th e  fifty-nine hours). If only full-tim e 
em ployees are  utilized, a  fifty-nine h o u r  requ irem en t is im possible, since 
th ey  are  allowed to w ork only ten  h o u rs  p er day. If six  full-tim e 
em ployees were assigned  to th is  schedule , th e  fifty-nine h o u rs  allotted to 
th is  type of schedu le  w ould be exceeded, an d  if five full-tim e em ployees 
w ere assigned  to th is  schedule , n ine  h o u rs  w ould be u n acco u n ted  for.
To determ ine th e  rem ain ing  h o u rs  th a t  need to be scheduled , th e  
possible  full-tim e h o u rs  are  deleted from th e  to ta l h o u rs  show n in  Table
5.7. For exam ple, full-tim e em ployees assigned  to a  type-2 schedu le  can  
cover all th ir ty  requ ired  h o u rs  (three em ployees w orking ten -h o u r days). 
Likewise, full-tim e em ployees can  cover all fifty requ ired  h o u rs  for a  type-
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3 schedu le  (five em ployees w orking ten -h o u r days). U nfortunately , full­
tim e em ployees assigned  to a  type-4 schedu le  can  cover only fifty of the  
fifty-nine h ou rs. The ex tra  n ine  h o u rs  will be se t aside to be assigned  
later. This s itua tion  also occu rs in  type-5 and  type -6  schedu les. A 
b reak o u t of the  full-tim e h o u rs  assigned  is p resen ted  in  Table 5.8.








: Mon Tues Wed Thurs Fri
1 0 8 0 0 0 0 0
2 3 10 0 30 30- 30 30
3 5 10 50 0 50 50 50
4 5 10 50 50 0 50 50
5 1 10 10 10 10 0 10
6 1 10 10 10 10 10 0
Daily Totals 120 100 100 140 140
The h o u rs  rem ain ing  to be  assigned  are  determ ined by  su b trac tin g  
th e  h o u rs  assigned  to full-tim e em ployees from th e  in itial schedu le  
show n in  Table 5.7. For in stan ce , schedu le  types one, two, an d  th ree  
com pletely cover th e  in itial h o u rs  assigned  w ith  full-tim e em ployees. 
Schedule type four, on th e  o th er h an d , requ ires 59 to ta l h o u rs  to  be 
schedu led . Five full-tim e em ployees have been  schedu led  a t  te n  h o u rs  
p er day  leaving n ine h o u rs  rem aining . T hese n ine  h o u rs  still need  to be 
assigned  to em ployees. S chedule  type five h a s  two rem ain ing  h o u rs  to be 
scheduled , an d  schedu le  type six  h a s  four rem ain ing  h o u rs  to  be 
scheduled . The rem ain ing  h o u rs  to be  scheduled  a re  show n in  T able 5.9.
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Table 5.9 R em aining h o u rs  to schedule .
Sunday Monday Tuesday Wednesday Thursday
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 0 0 0 0 0
Type 4 9 9 0 9 9
Type 5 2 2 2 0 2
Type 6 4 4 4 4 0
Total 15 15 6 13 11
Before the  rem ain ing  h o u rs  can  be scheduled , a  check  m u s t be 
done to determ ine if the  daily full-tim e h o u rs  p lu s  th e  daily rem ain ing  
h o u rs  will exceed any  of th e  daily requ irem en ts. If th is  h ap p en s, th e n  
the  rem ain ing  h o u rs  m u s t be ad ju sted  so th a t  th e  final assigned  h o u rs  
will exactly sa tisfy  th e  daily requ irem ents. The sum , of the  daily 
assigned  full-tim e h o u rs  (shown in  Table 5.8) an d  th e  daily rem ain ing  
h o u rs  (Table 5.9), is the  h o u rs  th a t  will be schedu led  if th e  requ irem en ts 
a re  n o t checked. In th is  exam ple, one h u n d red  and  thirty-five em ployee 
h o u rs  will be schedu led  on S u n d ay  night, an d  one h u n d red  an d  fifteen, 
one h u n d red  an d  six, one h u n d red  an d  fifty-three, an d  one h u n d red  an d  
fifty-one employee h o u rs  will be schedu led  on M onday, T uesday, 
W ednesday an d  T h u rsd ay  n ig h ts  respectively. T hese su m s are  show n in  
Table 5.10.
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Table 5 .10  Total non  ad ju sted  h o u rs  to be scheduled .
Sunday Monday Tuesday Wednesday Thursday
Full-time Hours . . 120 100 100 140 140
Remaining Hours 15 15 6 13 11
Total 135 115 106 153 151
The daily requ irem en ts are  su b trac ted  from  th ese  su m s to 
determ ine th e  a m o u n t to a d ju s t th e  rem ain ing  h o u rs . For exam ple, the  
requ irem en ts will be  exactly m et on S unday , T uesday  a n d  T h u rsd ay  
n igh ts, while th e  rem ain ing  h o u rs  on M onday and  W ednesday  n igh ts  
m u s t be ad ju sted  so th e  requ irem en ts  for those  days will be  exactly m et. 
T his is show n in  Table 5.11.
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Table 5.11 Dai] y ad ju s tm en t hou rs.
Sunday Monday Tuesday Wednesday Thursday
Total Hours 135 115 106 153 151
Required Hours 135 114 106 152 151
Total Adjustment 0 1 0 1 0
After th e  daily a d ju s tm en t h o u rs  are determ ined, th e  new  
rem ain ing  h o u rs  left to be schedu led  can  be found by  su b trac tin g  the  
to ta l ad ju s tm en t va lues ju s t  determ ined  from  th e  rem ain ing  ho u rs . This 
w ould im ply th a t  th e re  a re  really  fourteen  h o u rs  rem ain ing  to be 
schedu led  on M onday n igh t an d  twelve h o u rs  rem ain ing  to be  schedu led  
on W ednesday n ight. The o ther n igh ts are  n o t affected. This is show n in  
Table 5.12.
Sunday Monday Tuesday Wednesday Thursday
Remaining Hours 15 15 6 13 11
Total Adjustment 0 1 0 1 0
Final Remaining 
Hours To Schedule
15 14 6 12 11
The rem ain ing  h o u rs  are  assigned , if possible, first to full-tim e 
em ployees an d  th e n  to part-tim e em ployees. To do th is , th e  th ree  s tep s  
are  repeated  u n til none of the  th ree  is able to assign  an y  h o u rs . The 
s tep s  a re  a s  follows.
S tep  one : If all five days have rem ain ing  h o u rs  g rea te r-th an  eight, 
th e n  assign  to a  type -1  schedu le  (eight h o u rs  pe r day  five days p e r week). 
The n u m b er of em ployees to assign  is determ ined  by  dividing th e
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m inim um  n u m b er of rem ain ing  h o u rs  by eight and  round ing  down. For 
exam ple, if the  m in im um  n u m b er of rem ain ing  h o u rs  is twenty-five, th en  
th e  n u m b er of h o u rs  to assign  is th e  in teger portion  of 2 5 /8 , or th ree  
em ployees. If th is  step  assigned  any  h o u rs  to a  full-tim e employee, skip 
step  two.
Step tw o: If a t least four days have rem ain ing  h o u rs  g rea te r-th an  
ten , th en  determ ine w hich  day  h a s  th e  m inim um  n u m b er of rem ain ing  
h o u rs , . This de term ines th e  schedu le  type to w hich  h o u rs  will be 
assigned . For exam ple, if the  m in im um  n u m b er of rem ain ing  h o u rs  is on 
a  T uesday, th e n  any  assig n m en t will be  m ade to the  type of w ork 
schedu le  th a t  h a s  T uesday  off (type-4), or if the  m in im um  n u m b er of 
rem ain ing  h o u rs  is on a  T hursday , th e n  th e  assignm en t will be m ade to a  
type of w ork schedu le  th a t  h a s  T h u rsd ay  off (type-6 ). After th e  type of 
schedu le  to assign  to h a s  been  determ ined , th e  n u m b er of em ployees to 
assign  m u s t be determ ined. The n u m b er of em ployees is determ ined  by  
dividing th e  second m in im um  n u m b er of rem ain ing  h o u rs  by  ten , an d  
round ing  down. For exam ple, if th e  second m in im um  n u m b er of h o u rs  is 
fourteen , th e n  the  n u m b er of h o u rs  to assign  is integer! 14 /  10 ), or one 
employee.
S tep th re e : If h o u rs  were assigned  by  e ither s tep  one or s tep  two, 
th e  n u m b er of rem ain ing  h o u rs  is ad ju sted  by  su b tra c tin g  th e  n u m b er of 
h o u rs  th a t  were assigned  each  day; th e n  th e  th ree  s tep s  w ould be 
repeated . If h o u rs  w ere n o t assigned  by  s tep s  one or two, th e n  the  
rem ain ing  h o u rs  m u s t be assigned  to part-tim e em ployees an d  the
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so lu tion  is com plete. T hese th ree  s tep s  are  show n below for th is  
exam ple.
In th is  exam ple all five days do n o t have rem ain ing  h o u rs  g reater- 
than -o r-equa l-to  eight, so h o u rs  can n o t be assigned  by  step  one. F our 
days do have rem ain ing  h o u rs  g rea te r-th an  ten , so h o u rs  are  assigned  
according to step  2. T h at is, em ployees will be assigned  to a  schedu le  
type w ith  T uesday  off (since T uesday  h a s  the  m in im um  n u m b er of h o u rs  
rem aining), w hich is a  type-4 schedule . The n u m b er of em ployees to 
assign  to a  type-4 schedu le  is the  in teger portion  of 1 1 /1 0 , or one 
employee. So, one employee is assigned  to w ork ten  h o u rs  on Sunday , 
M onday, W ednesday and  T h u rsd ay  n igh ts. Next, step  th ree  requ ires th e  
rem ain ing  h o u rs  be read ju sted . This is show n in  Table 5.13.
Table 5 .13 A d justm en t of rem ain ing  hou rs.
Sunday Monday Tuesday Wednesday Thursday
Hours 15 14 6 12 11
Assigned Hours 10 10 0 10 10
Remaining Hours 5 4 6 2 1
The cycle s ta r ts  again. T here are  n o t five days w ith  rem ain ing  
h o u rs  g rea ter-than -o r-equal-to  eight, and  there  are  n o t four days w ith  
rem ain ing  h o u rs  g rea ter-than -o r-equal-to  ten .
S tep  th ree  th e n  explains th a t  th e  rem ain ing  h o u rs  a re  assigned  to 
part-tim e  em ployees. T hese part-tim e  h o u rs  are  show n in  Table 5 .13  in  
th e  row en titled  "Rem aining H ours."
ssjSiCOIOEN.CO 804U1
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The employee assignm en ts, includ ing  th e  in itial full-tim e 
assignm en ts (Table 5.8) an d  the  rem ain ing  h o u r a ssignm en ts for full­
tim e em ployees and  part-tim e em ployees (Table 5.13) are  sum m arized  in  
Table 5.14. Notice th a t  th e  daily w orkload requ irem en ts are  exactly m et 
each  day, and  six teen  full-tim e em ployees have been  scheduled .







Allowed /  
Employee
Mon Tues Wed Thurs Fri
1 0 8 0 0 0 0 0
2 3 10 0 30 30 30 30
3 5 10 50 0 50 50 50
4 5 10 50 50 0 50 50
5 1 10 10 10 10 0 10
6 1 10 10 10 10 10 0
4 1 10 10 10 0 10 10
Part-time 5 4 6 2 1
Daily Totals 135 114 106 152 151
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CHAPTER 6  
MILP COMPARISON
One pu rpose  of th is  th es is  is to determ ine if th e  optim al so lu tion  
can  be ob tained  w ithou t u s in g  a  MILP solution. T his section will describe 
th e  form ulation  of th e  MILP for th is  problem , th e  solution, an d  the  
com parison  to th e  exam ple in  section  5.
6 .1 MILP Form ulation
The objective of th is  problem  is to m axim ize th e  n u m b er of full­
tim e employees. If Xj rep re sen ts  th e  n u m b er of full-tim e em ployees (as 
opposed to th e  n u m b er of full-tim e hours) assigned  to schedu le  types i a s  
defined in  Table 2.1 th e n  the  objective function  of th e  MILP is:
Maximize z  = x \  + X2  + X3  + X4  + X5 + x@ (6 .1)
Since a n  employee assigned  to a  type-1 schedu le  w orks five days a  w eek 
eight h o u rs  a  day, th e  cost of a  type - 1 employee is eight on  each  n igh t 
(since type-1 schedu les include S u n d ay  th ro u g h  T h u rsd ay  nights). 
Sim ilarly, th e  o ther types of em ployees w ork ten  h o u r  sh ifts, so th e  cost 
for th ese  em ployees is 10  on  th e  n ig h ts  th a t  th ey  are  assigned  to work. 
Schedule types one, an d  th ree  th ro u g h  six require  em ployees to  w ork 
S u n d ay  n igh ts, while type-2  employee does not. T he cost of a  type-1 
em ployee is eight, while th e  cost of a  type th ree  th ro u g h  six  em ployee is 
ten . A ssum e Ps rep re sen ts  th e  n u m b er of pa rt-tim e  em ployees
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schedu led  to w ork on S u n d ay  n igh t and  th e  daily requ irem en ts a re  the
sam e a s  described in  ch ap te r 4, th e n  the  c o n stra in t for S u n d ay  n igh t is:
8 x 1 + 1 0  X3  + 1 0  X4  + 1 0  X5  + 1 0  x q  + Ps = . 1 3 5  (6 .2 )
The co n stra in ts  for the  o th er n igh ts can  be construc ted  in  a  sim ilar
m anner. The final form ulation  is a s  follows:
Maximize z = x i  + X2  + x q  + X4  + X5 + x q
Subject To:
8x 1 + 10x3  + IOX4  + 10x5  + lOxg + P s  = 135,
8 x 1 + 1 0 x 2  + IOX4  + IOX5  + 10x 0  + Pm  = 114 ,
8x 1 + 10x2  + 10x 3  + 10x5  + 10x0  + Pi = 106,
8 x 1 + 1 0 x 2  + IOX3 + IOX4  + 10 x 0  + Pw  = 152 ,
8 x 1 + 1 0 x 2  + IOX3 + IOX4  + IOX5  + Pr = 151 ,
xj >= 0,
where,
xi = num ber of full-time employees scheduled on a type-i 
schedule,
Ps = part-time employees scheduled on Sunday night,
Pm = part-tim e employees scheduled on Monday night,
Pt = part-time employees scheduled on Tuesday night,
Pw = part-tim e employees scheduled on Wednesday night,
Pr = part-time employees scheduled on Thursday night, 








6 .2  MILP Solution
The MILP so lu tion  w as ob tained  u sing  STORM. The so lu tion  
assigned  th ree  em ployees to a  type -1  w ork schedule , two em ployees to a  
type -2  w ork schedule , four em ployees to a  type -3  w ork schedule , five 
em ployees to a  type-4 w ork schedule , one employee to a  type-5 w ork 
schedule , and  one employee to a  type -6  w ork schedule . The part-tim e 
employee h o u rs  w ere assigned  as  follows: one h o u r schedu led  on 
Sunday , no h o u rs  schedu led  on M onday, two h o u rs  schedu led  on 
Tuesday, eight h o u rs  schedu led  on W ednesday, an d  seven h o u rs  
scheduled  on T hu rsday ,
6.3  C om parison to h eu ris tic
B oth th e  MILP so lu tion  an d  th e  heu ris tic  assigned  16 full-tim e 
em ployees. T hus, th e  h eu ris tic  proves to be  optim al in  th is  case. The 
nex t c h ap te r will investigate several cases to determ ine  if th e  heu ris tic  




A m onte carlo analysis w as perform ed to determ ine how  well the  
heu ris tic  really  perform s. The d a ta  se ts  for th is  m onte carlo analysis 
w ere created  from  a  tab le  of norm al random  n u m b ers  (Woolsey, private 
com m unication). The random  n u m b ers  were m an ipu la ted  to define daily 
requ irem ents; the  m an ipu la tion  consisted  of m ultiplying th e  random  
variab le  by  10 and  adding  th e  re su lt to 100. Sixty d a ta  se ts  a re  show n in  
Tables 7.1 an d  7.2. T hese d a ta  se ts  are  th e  righ t h a n d  sides of the  
form ulation  ̂ how n in  ch ap te r five. The first step  in  the-heu ris tic  is to 
find the  LP so lu tions of each  of th e  te s t  cases. T hese are  show n in  Table
7.3 an d  Table 7.4. A step  by  s tep  procedure  for each  of th e  te s t cases is 
docum ented  in  append ix  B. A su m m ary  of th e  h eu ris tic  re su lts  is 
p resen ted  in  Table 7 .5  an d  Table 7.6. T hese tab les also  p resen t the  
STORM so lu tions to the  MILP problem s. A quick scan  of th e  d a ta  w ould 
lead one to believe th e  h eu ris tic  alw ays arrives a t  a n  optim al solution; 
however, th is  is n o t the  case. The heu ris tic  a ssigns 12 full-tim e 
em ployees (case 19), while th e  MILP assigns 13 full-tim e em ployees. 
A nother case  (57) also did n o t achieve optim ality  u sin g  th e  heuristic ; the  
h eu ris tic  assigned  eleven full-tim e em ployees v e rsu s th e  MILP's 
a ssig n m en t of twelve full-tim e em ployees.
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Table 7.1 M onte Car] o D a ta  Sets
Test Case Sunday Monday Tuesday Wednesday Thursday
1 105 101 125 97 99
2 103 97 113 102 90
3 105 100 88 102 84
4 105 98 95 75 101
5 115 96 94 107 109
6 114 108 90 91 81
7 97 95 112 102 81
8 106 135 113 95 110
9 114 94 100 103 129
10 120 97 104 104 100
11 109 95 95 106 109
12 91 116 102 81 104
13 93 97 94 111 107
14 110 108 100 89 112
15 85 . 95 98 99 110
16 102 104 107 96 96
17 95 109 98 95 79
18 95 97 84 108 93
19 114 102 104 108 102
20 93 110 85 97 101
21 83 117 99 88 95
22 109 95 80 72 98
23 91 110 108 102 98
24 97 94 114 99 82
25 90 106 94 116 101
26 104 98 103 90 90
27 104 83 105 111 99
28 111 93 100 91 100
29 114 89 91 112 98
30 98 112 74 94 111
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Table 7.2 M onte Car]lo D a ta  Sets
Test Case Sunday Monday Tuesday Wednesday Thursday
31 104 106 109 102 91
32 101 75 96 95 94
33 95 89 95 108 102
34 117 99 106 91 88
35 97 96 118 105 79
36 80 112 89 104 98
37 102 103 106 97 79
38 101 83 97 95 130
39 95 81 105 98 105
40 105 101 115 110 114
41 109 112 85 93 114
42 95 86 90 100 114
43 82 99 87 110 103
44 82 88 107 96 86
45 102 102 123 100 89
46 108 104 95 103 110
47 87 97 102 87 113
48 106 104 86 98 97
49 125 95 94 113 100
50 95 100 98 84 104
51 99 114 91 100 91
52 112 86 90 107 107
53 83 111 112 81 104
54 89 97 106 101 109
55 85 91 102 113 94
56 94 98 91 88 97
57 108 102 83 96 104
58 106 88 99 100 108
59 113 99 91 102 98
60 96 107 91 94 104
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Table 7.3 LP Solution
Test Case X t X o X-? x* x«
1 0.0 26.75 30.75 6.75 34.75 32.75
2 0.0 23.25 29.25 13.25 24.25 36.25
3 0.0 14.75 19.75 31.75 17.75 35.75
4 0.0 13.50 20.50 23.50 43.50 17.50
5 0.0 15.25 34.25 36.25 23.25 21.25
6 0.0 7.00 13.00 31.00 30.00 40.00
7 0.0 24.75 26.75 9.75 19.75 40.75
8 0.0 33.75 4.75 26.75 44.75 29.75
9 0.0 2 1 . 0 0 41.00 35.00 32.00 6.00
1 0 0.0 11.25 34.25 27.25 27.25 31.25
11 0.0 19.50 33.50 33.50 22.50 19.50
1 2 0.0 32.50 7.50 21.50 42.50 19.50
13 0.0 32.50 28.50 31.50 14.50 18.50
14 0.0 19.75 21.75 29.75 40.75 17.75
15 0.0 36.75 26.75 23.75 22.75 11.75
16 0.0 24.25 22.25 19.25 30.25 30.25
17 0.0 24.00 1 0 . 0 0 2 1 . 0 0 24.00 40.00
18 0.0 24.25 22.25 35.25 11.25 26.25
19 0.0 18.50 30.50 28.50 24.50 30.50
2 0 0.0 28.50 11.50 36.50 24.50 20.50
2 1 0.0 37.50 3.50 21.50 32.50 25.50
2 2 0.0 4.50 18.50 33.50 41.50 15.50
23 0.0 36.25 17.25 19.25 25.25 29.25
24 0.0 24.50 27.50 7.50 22.50 39.50
25 0.0 36.75 20.75 32.75 10.75 27.75
26 0.0 17.25 23.25 18.25 31.25 31.25
27 0.0 21.50 42.50 20.50 14.50 26.50
28 0.0 12.75 30.75 23.75 32.75 23.75
29 0.0 1 2 . 0 0 37.00 35.00 14.00 28.00
30 0.0 24.25 10.25 48.25 28.25 11.25
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Table 7 .4  LP Solution
Test Case X t X o X q XzL x* x«
31 0.0 24.00 22.00 19.00 26.00 37.00
32 0.0 14.25 40.25 19.25 20.25 21.25
33 0.0 27.25 33.25 27.25 14.25 20.25
34 0.0 8.25 26.25 19.25 34.25 37.25
35 0.0 26.75 27.75 5.75 18.75 44.75
36 0.0 40.75 8.75 31.75 16.75 22.75
37 0.0 19.75 18.75 15.75 24.75 42.75
38 0.0 24.33 42.33 28.33 30.33 0.00
39 0.0 26.00 40.00 16.00 23.00 16.00
40 0.0 31.25 35.25 21.25 26.25 22.25
41 0.0 19.25 16.25 43.25 35.25 14.25
42 0.0 26.25 35.25 31.25 21.25 7.25
43 0.0 i 38.25 21.25 33.25 10.25 17.25
44 0.0 32.75 26.75 7.75 18.75 28.75
45 0.0 27.00 27.00 6.00 29.00 40.00
46 0.0 22.00 26.00 35.00 27.00 20.00
47 0.0 34.50 24.50 19.50 '34.50 8.50
48 0.0 16.75 18.75 36.75 24.75 25.75
49 0.0 6.75 36.75 37.75 18.75 31.75
50 0.0 25.25 20.25 22.25 36.25 16.25
51 0.0 24.75 9.75 32.75 23.75 32.75
52 0.0 13.50 39.50 35.50 18.50 18.50
53 0.0 39.75 11.75 10.75 41.75 18.75
54 0.0 36.50 28.50 19.50 24.50 16.50
55 0.0 36.25 30.25 19.25 8.25 27.25
56 .0.0 23.00 19.00 26.00 29.00 20.00
57 0.0 15.25 21.25 40.25 27.25 19.25
58 0.0 19.25 37.25 26.25 25.25 17.25
59 0.0 12.75 26.75 34.75 23.75 27.75
60 0.0 27.00 16.00 32.00 29.00 19.00
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Table 7.5 H euristic  R esu lts and  C om parison To MILP




1 11 2 3 0 3 3 12 12
2 2 2 2 1 2 3 12 12
3 1 1 2 3 1 3 11 11
4 1 1 2 2 4 1 11 11
5 1 1 3 3 2 2 12 12
6 0 0 1 3 3 4 11 11
7 1 2 2 1 1 4 11 11
8 1 3 0 2 4 3 13 13
9 1 2 4 3 3 0 13 13
10 1 1 3 2 2 3 12 12
11 0 2 3 3 2 2 12 12
12 0 4 - o : . 2 4 ■ 2 ' 12 12
13 2 3 2 3 1 1 12 12
. 14 0 2 2 3 : ■ 4 1 12 12
15 1 3 2 2 2 1 12 12
16 0 2 2 2 3 3 12 12
17 0 2 1 2 2 4 11 11
18 1 2 2 3 1 2 11 11
19 1 1 3 2 2 3 12 13
20 1 2 1 3 2 2 11 11
21 1 3 0 2 3 2 11 11
22 1 0 1 3 4 1 11 11
23 3 1 1 2 3 12 12
24 1 2 2 0 2 4 11 11
25 1 3 2 3 1 2 12 12
26 1 1 2 1 3 3 11 11
27 1 2 4 2 1 2 12 12
28 1 1 3 2 3 2 12 12
29 2 1 3 3 1 2 12 12
30 1 2 1 4 2 1 11 11
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Table 7 .6  H euristic  R esu lts an d  C om parison To MILP




31 0 2 2 3 2 3 12 12
32 0 1 4 2 2 2 11 11
33 0 3 3 2 1 2 11 11
34 3 0 2 1 3 3 12 12
35 3 2 2 0 1 4 12 12
36 0 4 1 3. . .  1 2 11 11
37 0 2 2 1 2 4 11 11
38 0 2 4 3 3 0 12 12
39 0 3 4 1 2 1 11 11
40 0 3 3 3 2 2 13 13
41 0 2 2 4 3 1 12 12
42 0 2 3 3 2 1 11 11 :
43 0 32 3 3 1 1 11 11
44 3 3 2 0 1 2 11 11
45 , _ ,0 2 2 0 4' - 4 12 12
46 0 2 2 3 3 2 12 12
47 0 3 2 2 3 1 11 11
48 3 1 1 3 2 2 12 12
49 0 0 3 3 3 3 12 12
50 0 2 2 2 4 1 11 11
51 0 3 1 3 2 3 12 12
52 3 1 3 3 1 1 12 12
53 0 4 1 1 4 2 12 12
54 2 3 2 2 2 1 12 12
55 0 3 3 3 0 2 11 11
56 2 2 1 2 2 2 11 11
57 0 1 2 4 2 2 11 12
58 2 2 3 2 2 1 12 12
59 0 1 3 3 2 3 12 12
60 3 2 1 3 2 1 12 12
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CHAPTER 8  
CONCLUSIONS AND FURTHER ANALYSIS
The benefits of th e  h eu ris tic  v e rsu s  the  problem s of a  MILP 
techn ique  will be d iscussed  in  th is  section  along w ith  som e suggested  
analysis th a t  w ould be in te res ting  to exam ine.
8.1 C onclusions
One of the  m o st beneficial a sp ec ts  of u sin g  th is  type of h eu ris tic  as 
opposed to a  MILP techn ique  is th e  stab ility  of u s in g  a  LP so lu tion  to 
arrive a t  a n  in teger solution. Again, th e  com pu ter so lu tion  to a  MILP 
form ulation  often will have infeasible o r n o n  optim al so lu tions, while a n  
analy tic  so lu tion  will u su a lly  have degeneracy problem s. In co n trast, th e  
h eu ris tic  will converge to a  linear so lu tion  rapidly, an d  th e  re s t of th e  
so lu tion  is essen tia lly  basic  arithm etic . The h eu ris tic  w as optim al in  
a lm ost 97%  of th e  cases  tried, or 58 o u t of 60  cases.
8 .2  Suggestions for F u rth e r  A nalysis
T his problem  a ssu m e s  th a t  any  type of full-tim e w ork schedu le  is 
equivalent to ano ther; in  reality  th is  m ay n o t be th e  case. A com pany 
m ay em ploy m ore people w ho w ould ra th e r  w ork four ten -h o u r days 
v e rsu s  five e igh t-hour days. F u tu re  analysis could take  th is  co n stra in t 
in to  accoun t.
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The first period principle ro u n d s  the  real variab les u p  to get an  
in teger solution; it w ould be in te res ting  to see w h a t th e  effects of 
round ing  dow n w ould be.
A nother in te resting  s tu d y  w ould be to take  the  ac tu a l cost of th e  
em ployees (salaries, benefits, etc.) in to  account.
8 .3  Im plications of th is  S tudy
It w as proposed th a t  a  h eu ris tic  a lgorithm  would be defined to 
generate  a  h igh  percen tage of optim ality  for th e  type of schedu ling  
problem s defined in  th is  thes is , w ithou t recourse  to m ixed in teger linear 
program m ing. W ith a  random ly  generated  d a ta  se t th e  h eu ris tic  of th is  
th e s is  h a s  fulfilled th is  req u irem en t acceptably. The advan tages of th e  
m ethod  are  (1) only linear program m ing  techn iques a re  u sed  a n d  (2 ) only 
four add itional ru les  are  im plem ented  to achieve a  good, b u t  n o t 
necessarily  optim al, so lu tion  quickly.
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The first period principle w as developed from J .  A. Propp, an d  h a s  
undergone several m odifications. The algorithm  h a s  been  proven 
optim al. The m ost recen t a lgo rithm  consist of six s tep s  a s  quoted  
(Introduction to Em ployee Scheduling, 1992, pp. 94-98):
S tep  O ne: List daily requ irem en ts for th e  weekly cycle.
Step Two: A ssign n e ce ssa ry  em ployees to  m eet th e  req u irem en ts  
day  by day  (i.e., assign ing  th e  n u m b er needed to m eet th e  requ irem en ts  
rem ain ing  after any  preceding  a ssig n m en ts  have been  tak e n  in to  
account).
Step T h ree : C ontinue assign ing  em ployees, a s  p e r S tep  2, u n til a  
rep ea tin g  se t of weekly cycles occurs. T his will alw ays occur.
S tep F o u r: Average th e  n u m b er of em ployees assigned  (started) 
p e r period over the  repeating  cycle.
S tep  Five: O btain  th e  cum ulative su m s of th e  (perhaps) fractional 
a ssig n m en ts  for successive periods, round ing  off to th e  n ex t h igher 
integer.
S tep  Six: S u b tra c t succeeding  cum ulative in teger va lues to ob ta in  
s ta rtin g  day  assig n m en ts  for em ployees.
T-4120 44
APPENDIX B 
MONTE CARLO TEST CASES
An em pty  w orkshee t u sed  to solve th e  h eu ris tic  is show n on the  
nex t page. The first step  in  solving th e  heu ris tic  on th is  w orksheet is to 
en te r the  daily requ irem en ts . Next, th e  LP so lu tion  is en tered  in  th e  row  
entitled  "LP solution". Then, th e  cum ulative su m s of th e  LP so lu tions are 
calcu lated  ( 'cum ulative sum " row). The in teger su m s are  rou n d ed  down 
(Integer Sum ). Finally, th e  previous days su m  ("Previous Sum " row) is 
su b trac ted  from  th e  "integer sum " row. This re su lts  in  th e  initial 
assignm ent.
The nex t step  allows the  u se r  to visualize th e  re su lts  of th e  in itial 
so lu tion  by in serting  the  em ployee types in to  th e  app ropria te  days. T his 
is show n in  th e  "initial assignm ent" section. The full tim e w orkers are  
also tallied in  th e  colum n labelled "# FT".
The "Rem aining H ours" section  con ta in s th e  n u m b er of pa rt-tim e  
h o u rs  rem ain ing  after the  full tim e h o u rs  have been  excluded. - The la s t 
a ssig n m en t section  con ta in s th e  "finishing steps" d iscussed  in  c h ap te r 
five. Finally, th e  final a ssig n m en t is show n by  types ("Last A ssignm ent" 
row), and  to talled  ("Number Of Full Time Employees" row).
The w orksheets following th e  em pty w orksheet rep re sen t each  of 
































Adjusted Remaining Hours Hours




Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment
Last Assignment









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 26.75 30.75 6.75 34.75 32,75
Cumulative Solution 0 26.75 57.5 64.25 99 131.75
Integer Sum 0 27 58 65 99 132
Previous Sum 0 0 27 58 65 99
Initial Schedule 0 27 31 7 34 33
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type-2 0 27 27 27 27 2
Type 3 31 0 31 31 31 3
Type 4 7 7 0 7 7 0
Type 5 34 34 34 0 34 3
Type 6 33 33 33 33 0 3
Total 105 101 125 98 99 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 1 0 1 1 1
Type 4 7 7 0 7 7
Type 5 4 4 4 0 4
Type 6 3 3 3 3 0
Total 15 21 15 18 19
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 15 21 15 17 19 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 13 7 9 11
Final Assignment Type 1
Number Assigned 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 3 0 3 3
Last Assignment 1 0 0 0 0 0
1 2 3 0 3 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 23.25 29.25 13;25 24.25 36.25
Cumulative Solution 0 23.25 52.5 65.75 90 126.25
Integer Sum 0 24 53 66 90 127
Previous Sum 0 0 24 53 66 90
Initial Schedule 0 24 29 13 24 37
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 24 24 24 24 2
Type 3 29 0 29 29 29 2
Type 4 13 13 0 13 13 1
Type 5 24 24 24 0 24 2
Type 6 37 37 37 37 0 3
Total 103 98 114 103 90 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 4 4 4 4
Type 3 9 0 9 9 9
Type 4 3 3 0 3 3
Type 5 4 4 4 0 4
Type 6 7 7 7 7 0
Total 23 18 24 23 20
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 23 17 23 22 20 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 7 1 7 6 4
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 1 2 3
Last Assignment 2 0 0 0 0 0
2 2 2 1 2 3









Heuristic Solution Type 1 Type 2 Type 3 Type4 Type 5 Type 6
LP Solution 0 14.75 19.75 31.75 17.75 35.75
Cumulative Solution 0 14.75 34.5 66.25 84 119.75
Integer Sum 0 15 35 67 84 120
Previous Sum 0 0 15 35 67 84
Initial Schedule 0 15 20 32 17 36
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 . . ... 0 0 0 0 0 0
Type 2 0 15 15 15 15 1
Type 3 20 0 20 20 20 2
Type 4 32 32 0 32 32 3
Type 5 17 17 17 0 17 1
Type 6 36 36 36 36 0 3
Total 105 100 88 103 84 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 0 0 0 0 0
Type 4 2 2 0 2 2
Type 5 7 7 7 0 7
Type 6 6 6 6 6 0
Total 15 20 18 13 14
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 15 20 18 12 14 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 12 10 4 6
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 2 3 1 3
Last Assignment 1 0 0 0 0 0
1 1 2 3 1 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 13.5 20.5 23.5 43.5 17.5
Cumulative Solution 0 13.5 34 57.5 101 118.5
Integer Sum 0 14 34 58 101 119
Previous Sum 0 0 14 34 58 101
Initial Schedule 0 14 20 24 43 18
Initial Assignment Sim Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 14 14 14 14 1
Type 3 20 0 20 20 20 2
Type 4 24 24 0 24 24 2
Type 5 43 43 43 0 43 4
Type 6 18 18 18 18 0 1
Total 105 99 95 76 101 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 4 4 4 4
Type 3 0 0 0 0 0
Type 4 4 4 0 4 4
Type 5 3 3 3 0 3
Type 6 8 8 8 8 0
Total 15 19 15 16 11
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 15 18 15 15 11 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 10 7 7 3
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 2 2 4 1
Last Assignment 1 0 0 0 0 0
1 1 2 2 4 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 15.25 34.25 36.25 23.25 21.25
Cumulative Solution 0 15.25 49.5 85.75 109 130.25
Integer Sum 0 16 50 86 109 131
Previous Sum 0 0 16 50 86 109
Initial Schedule 0 16 34 36 23 22
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 16 16 16 16 1
Type 3 34 0 34 34 34 3
Type 4 36 36 0 36 36 3
Type 5 23 23 23 0 23 2
Type 6 22 22 22 22 0 2
Total 115 97 95 108 109 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 6 6 6 6
Type 3 4 0 4 4 4
Type 4 6 6 0 6 6
Type 5 3 3 3 0 3
Type 6 2 2 2 2 0
Total 15 17 15 18 19
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 15 16 14 17 19 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 8 6 9 11
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 3 3 2 2
Last Assignment 1 0 0 0 0 0
1 1 3 3 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 7 13 31 30 40
Cumulative Solution 0 7 20 51 81 121
Integer Sum 0 20 51 81 121
Previous Sum 0 7 20 51 81
Initial Schedule 0 13 31 30 40
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type I 0 0 0 0 0 0
Type 2 0 7 7 7 7 0
Type 3 13 0 13 13 13 1
Type 4 31 31 0 31 31 3
Type 5 30 30 30 0 30 3
Type 6 40 40 40 40 0 4
Total 114 108 90 91 81 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 3 0 3 3 3
Type 4 1 1 0 1 1
Type 5 0 0 0 0 0
Type 6 0 0 0 0 0
Total 4 8 10 11 11
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 4 8 10 11 11 Hours
Full Time Hours Assigned 0 0 0 0 0 0
Part Time Hours 4 8 10 11 11
Final Assignment Type 0
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 0 1 3 3 4
Last Assignment 0 0 0 0 0 0
0 0 1 3 3 4









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.75 26.75 9.75 19.75 40.75
Cumulative Solution 0 24.75 51.5 61.25 81 121.75
Integer Sum 0 25 52 62 81 122
Previous Sum 0 0 25 52 62 81
Initial Schedule 0 25 27 10 19 41
Initial Assignment Sun Mon Tues Wed Thurs #FT
TVpe 1 0 0 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 27 0 27 27 27 2
Type 4 10 10 0 10 10 1
Type 5 19 19 19 0 19 1
Type 6 41 41 41 41 0 4
Total 97 95 112 103 81 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 7 0 7 7 7
Type 4 0 0 0 0 0
Type 5 9 9 9 0 9
Type 6 1 1 1 1 0
Total 17 15 22 13 21
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 17 15 22 12 21 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 9 7 14 4 13
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 1 1 4
Last Assignment 1 0 0 0 0 0
1 2 2 1 1 4









Heuristic Solution Type 1 Type 2 TypeS Type 4 Type 5 Type 6
LP Solution 0 33.75 4.75 26.75 44.75 29.75
Cumulative Solution 0 33.75 38.5 65.25 110 139.75
Integer Sum 0 34 39 66 110 140
Previous Sum 0 0 34 39 66 110
Initial Schedule 0 34 5 27 44 30
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 34 34 34 34 3
Type 3 5 0 5 5 5 0
Type 4 27 27 0 27 27 2
Type 5 44 44 44 0 44 4
Type 6 30 30 30 30 0 3
Total 106 135 113 96 110 12
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 4 4 4 4
Type 3 5 0 5 5 5
Type 4 7 7 0 7 7
Type 5 4 4 4 0 4
Type 6 0 0 0 0 0
Total 16 15 13 16 20
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 16 15 13 15 20 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 8 7 5 7 12
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 0 2 4 3
Last Assignment 1 0 0 0 0 0
1 3 0 2 4 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 21 41 35 32 6
Cumulative Solution 0 21 62 97 129 135
Integer Sum 0 21 62 97 129 135
Previous Sum 0 0 21 62 97 129
Initial Schedule 0 21 41 35 32 6
Initial Assignment Sim Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 21 21 21 21 2
Type 3 41 0 41 41 41 4
Type 4 35 35 0 35 35 3
Type 5 32 32 32 0 32 3
Type 6 6 6 6 6 0 0
Total 114 94 100 103 129 12
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 1 1 1 1
Type 3 1 0 1 1 1
Type 4 5 5 0 5 5
Type 5 2 2 2 0 2
Type 6 6 6 6 6 0
Total 14 14 10 13 9
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 14 14 10 13 9 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 6 6 2 5 1
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 4 3 3 0
Last Assignment 1 0 0 0 0 0
1 2 4 3 3 0









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 11.25 34.25 27.25 27.25 31.25
Cumulative Solution 0 11.25 45.5 72.75 100 131.25
Integer Sum 0 12 46 73 100 132
Previous Sum 0 0 12 46 73 100
Initial Schedule 0 12 34 27 27 32
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 12 12 12 12 1
Type 3 34 0 34 34 34 3
Type 4 27 27 0 27 27 2
Type 5 27 27 27 0 27 2
Type 6 32 32 32 32 0 3
Total 120 98 105 105 100 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 2 2 2 2
Type 3 4 0 4 4 4
Type 4 7 7 0 7 7
Type 5 7 7 7 0 7
Type 6 2 2 2 2 0
Total 20 18 15 15 20
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 20 17 14 14 20 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 12 9 6 6 12
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 3 2 2 3
Last Assignment 1 0 0 0 0 0
1 1 3 2 2 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 19.5 33.5 33.5 22.5 19.5
Cumulative Solution 0 19.5 53 86.5 109 128.5
Integer Sum 0 20 53 87 109 129
Previous Sum 0 0 20 53 87 109
Initial Schedule 0 20 33 34 22 20
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 20 20 20 20 2
Type 3 33 0 33 33 33 3
Type 4 34 34 0 34 34 3
Type 5 22 22 22 0 22 2
Type 6 20 20 20 20 0 2
Total 109 96 95 107 109 12
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 3 0 3 3 3
Type 4 4 4 0 4 4
Type 5 2 2 2 0 2
Type 6 0 0 0 0 0
Total 9 6 5 7 9
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 9 5 5 6 9 Hours
Full Time Hours Assigned 0 0 0 0 0 0
Part Time Hours 9 5 5 6 9
Final Assignment Type 0
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 3 3 2 2
Last Assignment 0 0 0 0 0 0
0 2 3 3 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 32.5 7.5 21.5 42.5 19.5
Cumulative Solution 0 32.5 40 61.5 104 123.5
Integer Sum 0 33 40 62 104 124
Previous Sum 0 0 33 40 62 104
Initial Schedule 0 33 7 22 42 20
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 33 33 33 33 3
Type 3 7 0 7 7 7 0
Type 4 22 22 0 22 22 2
Type 5 42 42 42 0 42 4
Type 6 20 20 20 20 0 2
Total 91 117 102 82 104 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 3 3 3 3
Type 3 7 0 7 7 7
Type 4 2 2 0 2 2
Type 5 2 2 2 0 2
Type 6 0 0 0 0 0
Total 11 7 12 12 14
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 11 6 12 11 14 Hours
Full Time Hours Assigned 1 0 1 1 1 10
Part Time Hours 1 6 2 1 4
Final Assignment Type 2
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 0 2 4 2
Last Assignment 0 1 0 0 0 0
0 4 0 2 4 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 32.5 28.5 31.5 14.5 18.5
Cumulative Solution 0 32.5 61 92.5 107 125.5
Integer Sum 0 33 61 93 107 126
Previous Sum 0 0 33 61 93 107
Initial Schedule 0 33 28 32 14 19
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 33 33 33 33 3
Type 3 28 0 28 28 28 2
Type 4 32 32 0 32 32 3
Type 5 14 14 14 0 14 1
Type 6 19 19 19 19 0 1
Total 93 98 94 112 107 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 3 3 3 3
Type 3 8 0 8 8 8
Type 4 ____ 2 2 0 2 2
Type 5 4 4 4 0 4
Type 6 9 9 9 9 0
Total 23 18 24 22 17
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 23 17 24 21 17 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 7 1 8 5 1
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 3 1 1
Last Assignment 2 0 0 0 0 0
2 3 2 3 1 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 19.75 21.75 29.75 40.75 17.75
Cumulative Solution 0 19.75 41.5 71.25 112 129.75
Integer Sum 0 20 42 72 112 130
Previous Sum 0 0 20 42 72 112
Initial Schedule 0 20 22 30 40 18
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 20 20 20 20 _2
Type 3 22 0 22 22 22 2
Type 4 30 30 0 30 30 3
Type 5 40 40 40 0 40 4
Type 6 18 18 18 18 0 1
Total 110 108 100 90 112 12
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 2 0 2 2 2
Type 4 0 0 0 0 0
Type 5 0 0 0 0 0
Type 6 8 8 8 8 0
Total 10 8 10 10 2
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 10 8 10 9 2 Hours
Full Time Hours Assigned 0 0 0 0 0 0
Part Time Hours 10 8 10 9 2
Final Assignment Type 0
Number Last Assignment 0
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 3 4 1
Last Assignment 0 0 0 0 0 0
0 2 2 3 4 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 36.75 26.75 23.75 22.75 11.75
Cumulative Solution 0 36.75 63.5 87.25 110 121.75
Integer Sum 0 37 64 88 110 122
Previous Sum 0 0 37 64 88 110
Initial Schedule 0 37 27 24 22 12
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 37 37 37 37 3
Type 3 27 0 27 27 27 2
Type 4 24 24 0 24 24 2
Type 5 22 22 22 0 22 2
Type 6 12 12 12 12 0 1
Total 85 95 98 100 110 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 7 0 7 7 7
Type 4 4 4 0 4 4
Type 5 2 2 2 0 2
Type 6 2 2 2 2 0
Total 15 15 18 20 20
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 15 15 18 19 20 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 7 10 11 12
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 2 2 1
Last Assignment 1 0 0 0 0 0
1 3 2 2 2 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.25 22.25 19.25 30.25 30.25
Cumulative Solution 0 24.25 46.5 65.75 96 126.25
Integer Sum 0 25 47 66 96 127
Previous Sum 0 0 25 47 66 96
Initial Schedule 0 25 22 19 30 31
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 22 0 22 22 22 2
Type 4 19 19 0 19 19 1
Type 5 30 30 30 0 30 3
Type 6 31 31 31 31 0 3
Total 102 105 108 97 96 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 2 0 2 2 2
Type 4 9 9 0 9 9
Type 5 0 0 0 0 0
Type 6 1 1 1 1 0
Total 12 15 8 17 16
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 12 14 7 16 16 Hours
Full Time Hours Assigned 1 1 0 1 1 10
Part Time Hours 2 4 7 6 6
Final Assignment Type 4
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 1 3 3
Last Assignment 0 0 0 1 0 0
0 2 2 2 3 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24 10 21 24 40
Cumulative Solution 0 24 34 55 79 119
Integer Sum 0 24 34 55 79 119
Previous Sum 0 0 24 34 55 79
Initial Schedule 0 24 10 21 24 40
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 24 24 24 24 2
Type 3 10 0 10 10 10 1
Type 4 21 21 0 21 21 2
Type 5 24 24 24 0 24 2
Type 6 40 40 40 40 0 4
Total 95 109 98 95 79 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 4 4 4 4
Type 3 0 0 0 0 0
Type 4 1 1 0 1 1
Type 5 4 4 4 0 4
Type 6 0 0 0 0 0
Total 5 9 8 5 9
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 5 9 8 5 9 Hours
Full Time Hours Assigned 0 0 0 0 0 0
Part Time Hours 5 9 8 5 9
Final Assignment Type 0
Number Last Assignment 0
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 2 2 4
Last Assignment 0 0 0 0 0 0
0 2 1 2 2 4









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.25 22.25 35.25 11.25 26.25
Cumulative Solution 0 24.25 46.5 81.75 93 119.25
Integer Sum 0 25 47 82 93 120
Previous Sum 0 0 25 47 82 93
Initial Schedule 0 25 22 35 11 27
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 22 0 22 22 22 2
Type 4 35 35 0 35 35 3
Type 5 11 11 11 0 11 1
Type 6 27 27 27 27 0 2
Total 95 98 85 109 93 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 2 0 2 2 2
Type 4 5 5 0 5 5
Type 5 1 1 1 0 1
Type 6 7 7 7 7 0
Total 15 18 15 19 13
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 15 17 14 18 13 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 9 6 10 5
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 3 1 2
Last Assignment 1 0 0 0 0 0
1 2 2 3 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 18.5 30.5 28.5 24.5 30.5
Cumulative Solution 0 18.5 49 77.5 102 132.5
Integer Sum 0 19 49 78 102 133
Previous Sum 0 0 19 49 78 102
Initial Schedule 0 19 30 29 24 31
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 19 19 19 19 1
Type 3 30 0 30 30 30 3
Type 4 .................................... 29 29 0 29 29 2
Type 5 24 24 24 0 24 2
Type 6 31 31 31 31 0 3
Total 114 103 104 109 102 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 9 9 9 9
Type 3 0 0 0 0 0
Type 4 9 9 0 9 9
Type 5 4 4 4 0 4
Type 6 1 1 1 1 0
Total 14 23 14 19 22
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 14 22 14 18 22 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 6 14 6 10 14
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 3 2 2 3
Last Assignment 1 0 0 0 0 0
1 1 3 2 2 3









Heuristic Solution, Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 28.8 11.5 36.5 24.5 20.5
Cumulative Solution 0 28.8 40.3 76.8 101.3 121.8
Integer Sum 0 29 41 77 102 122
Previous Sum 0 0 29 41 77 102
Initial Schedule 0 29 12 36 25 20
Initial Assignment Sun Mon Tiies Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 29 29 29 29 2
Type 3 12 0 12 12 12 1
Type 4 36 36 0 36 36 3
Type 5 25 25 25 0 25 2
Type 6 20 20 20 20 0 2
Total 93 110 86 97 102 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 9 9 9 9
Type 3 2 0 2 2 2
Type 4 6 6 0 6 6
Type 5 5 5 5 0 5
Type 6 0 0 0 0 0
Total 13 20 16 17 22
Last Assignment
Slack 0 0 1 0 1
Adjusted Remaining Hours 13 20 15 17 21 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 5 12 7 9 13
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 3 2 2
Last Assignment 1 0 0 0 0 0
1 2 1 3 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 37.5 3.5 21.5 32.5 25.5
Cumulative Solution 0 37.5 41 62.5 95 120.5
Integer Sum 0 38 41 63 95 121
Previous Sum 0 0 38 41 63 95
Initial Schedule 0 38 3 22 32 26
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
TVpe 2 0 38 38 38 38 3
Type 3 3 0 3 3 3 0
Type 4 22 22 0 22 22 2
Type 5 32 32 32 0 32 3
Type 6 26 26 26 26 0 2
Total 83 118 99 89 95 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 8 8 8 8
Type 3 3 0 3 3 3
Type 4 2 2 0 2 2
Type 5 2 2 2 0 2
Type 6 6 6 6 6 0
Total 13 18 19 19 15
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 13 17 19 18 15 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 5 9 11 10 7
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 0 2 3 2
Last Assignment 1 0 0 0 0 0
1 3 0 2 3 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 4.5 - 18.5 33.5 41.5 15.5
Cumulative Solution 0 4.5 23 56.5 98 113.5
Integer Sum 0 5 23 57 98 114
Previous Sum 0 0 5 23 57 98
Initial Schedule 0 5 18 34 41 16
Initial Assignment Sion Mon Tues Wed Thurs # FT
Type 1 . - - 0 0 0 0 o — 0 '
Type 2 ........................- ..... ' 0 - .....5....... . . . . . . .  5  - 5 ....... . . . . . .  g ......... ........0 ........
Type 3 18 0 18 18 18 - 1.....
Type 4 34 34 o 34 34 3
Type 5 41 41 41 0 41 -----4
Type 6 16 16 16 16 0 - - 1 -
Total 109 96 80 73 9 8 - 9
Remaining Hours ■ -
Type 1 0 0 0 0 0
Type 2 0 5 5 ■ 5 5
Type 3 8 - 0 8 8 . . . - 8 .. — . . . . .
Type 4 . 4 4 0 4 4 - -
Type 5 1 1 1 0 1
Type 6 6 6 6 6 0
Total 19 16 20 23 18
Last Assignment
Slack 0 ............ . .  1 0 ............ 1 . .  0
Adjusted Remaining Hours 19 15 20 22 18 Horns
Pull Time Hours Assigned 1 1 1 1 1 8
Full Time Hours Assigned 1 0 1 1 1 10
Part Time Hours 1 7 2 4 0
Final Assignment Type 1 3
Number Last Assignment 1 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 0 1 3 4 1
Last Assignment 1 0 1 0 0 0
1 0 2 3 4 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 36.25 17.25 19.25 25.25 29.25
Cumulative Solution 0 36.25 53.5 72.75 98 127.25
Integer Sum 0 37 54 73 98 128
Previous Sum 0 0 37 54 73 98
Initial Schedule 0 37 17 19 25 30
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 37 37 37 37 3
Type 3 17 0 17 17 17 1
Type 4 19 19 0 19 19 1
Type 5 25 25 25 0 25 2
Type 6 30 30 30 30 0 3
Total 91 111 109 103 98 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 7 0 7 7 7
Type 4 9 9 0 9 9
Type 5 5 5 5 0 5
Type 6 0 0 0 0 0
Total 21 21 19 23 28
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 21 20 18 22 28 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 5 4 2 6 12
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 1 1 2 3
Last Assignment 2 0 0 0 0 0
2 3 1 1 2 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.5 27.5 7.5 22.5 39.5
Cumulative Solution 0 24.5 52 59.5 82 121.5
Integer Sum 0 25 52 60 82 122
Previous Sum 0 0 25 52 60 82
Initial Schedule 0 25 27 8 22 40
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 27 0 27 27 27 2
Type 4 8 8 0 8 8 0
Type 5 22 22 22 0 22 2
Type 6 40 40 40 40 0 4
Total 97 95 114 100 82 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 7 0 7 7 7
Type 4 8 8 0 8 8
Type 5 2 2 2 0 2
Type 6 0 0 0 0 0
Total 17 15 14 20 22
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 17 14 14 19 22 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 9 6 6 11 14
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 0 2 4
Last Assignment 1 0 0 0 0 0
1 2 2 0 2 4









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 36.75 20.75 32.75 10.75 27.75
Cumulative Solution 0 36.75 57.5 90.25 101 128.75
Integer Sum 0 37 58 91 101 129
Previous Sum 0 o 37 58 91 101
Initial Schedule 0 37 21 33 10 28
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 ................................... 0 0 0 0 0 0
Type 2 0 37 37 37 37 3
Type 3 21 0 21 21 21 2
Type 4 33 33 0 33 33 3
Type 5 10 10 10 0 10 1
Type 6 28 28 28 28 0 2
Total 92 108 96 119 101 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 1 0 1 1 1
Type 4 3 3 0 3 3
Type 5 0 0 0 0 0
Type 6 8 8 8 8 0
Total 12 18 16 19 11
Last Assignment
Slack 2 2 2 3 0
Adjusted Remaining Hours 10 16 14 16 11 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 2 8 6 8 3
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 3 1 2
Last Assignment 1 0 0 0 0 0
1 3 2 3 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 17.25 23.25 18.25 31.25 31.25
Cumulative Solution 0 17.25 40.5 58.75 90 121.25
Integer Sum 0 18 41 59 90 122
Previous Sum 0 O 18 41 59 90
Initial Schedule 0 18 23 18 31 32
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 18 18 18 18 1
Type 3 23 O 23 23 23 2
Type 4 18 18 O 18 18 1
Type 5 31 31 31 0 31 3
Type 6 32 32 32 32 0 3
Total 104 99 104 91 90 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 8 8 8 8
Type 3 3 O 3 3 3
Type 4 8 8 0 8 8
Type 5 1 1 1 0 1
Type 6 2 2 2 2 0
Total 14 19 14 21 20
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 14 18 13 20 20 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 6 10 5 12 12
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 2 1 3 3
Last Assignment 1 0 0 0 0 0
1 1 2 1 3 3
Number Of Full Time
Employees 11
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF M fRGS 








Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 21.5 42.5 20.5 14.5 26.5
Cumulative Solution 0 21.5 64 84.5 99 125.5
Integer Sum 0 22 64 85 99 126
Previous Sum 0 0 22 64 85 99
Initial Schedule 0 22 42 21 14 27
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 22 22 22 22 2
Type 3 42 0 42 42 42 4
Type 4 21 21 0 21 21 2
Type 5 14 14 14 0 14 1
Type 6 27 27 27 27 0 2
Total 104 84 105 112 99 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 2 2 2 2
Type 3 2 0 2 2 2
Type 4 1 1 0 1 1
Type 5 4 4 4 0 4
Type 6 7 7 7 7 0
Total 14 14 15 12 9
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 14 13 15 11 9 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 6 5 7 3 1
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 4 2 1 2
Last Assignment 1 0 0 0 0 0
1 2 4 2 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 12.75 30.75 23.75 32.75 23.75
Cumulative Solution 0 12.75 43.5 67.25 100 123.75
Integer Sum 0 13 44 68 100 124
Previous Sum 0 0 13 44 68 100
Initial Schedule 0 13 31 24 32 24
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 13 13 13 13 1
Type 3 31 0 31 31 31 3
Type 4 24 24 0 24 24 2
Type 5 32 32 32 0 32 3
Type 6 24 24 24 24 0 2
Total 111 93 100 92 100 11
Remaining Hours
Type 1 0 0 0 0 0
'type 2 0 3 3 3 3
Type 3 1 0 1 1 1
Type 4 4 4 0 4 4
Type 5 2 2 2 0 2
Type 6 4 4 4 4 0
Total 11 13 10 12 10
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 11 13 10 11 10 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 3 5 2 3 2
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 3 2 3 2
Last Assignment 1 0 0 0 0 0
1 1 3 2 3 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 12 37 35 14 28
Cumulative Solution 0 12 49 84 98 126
Integer Sum 0 12 49 84 98 126
Previous Sum 0 0 12 49 84 98
Initial Schedule 0 12 37 35 14 28
Initial Assignment Sim Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 12 12 12 12 1
Type 3 37 0 37 37 37 3
Type 4 35 35 0 35 35 3
Type 5 14 14 14 0 14 1
Type 6 28 28 28 28 0 2
Total 114 89 91 112 98 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 2 2 2 2
Type 3 7 0 7 7 7
Type 4 5 5 0 5 5
Type 5 4 4 4 0 4
Type 6 8 8 8 8 0
Total 24 19 21 22 18
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 24 19 21 22 18 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 8 3 5 6 2
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 3 3 1 2
Last Assignment 2 0 0 0 0 0
2 1 3 3 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.25 10.25 48.25 28.25 11.25
Cumulative Solution 0 24.25 34.5 82.75 111 122.25
Integer Sum 0 25 35 83 111 123
Previous Sum 0 0 25 35 83 111
Initial Schedule 0 25 10 48 28 12
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 10 0 10 10 10 1
Type 4 48 48 0 48 48 4
Type 5 28 28 28 0 28 2
Type 6 12 12 12 12 0 1
Total 98 113 75 95 111 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 0 0 0 0 0
Type 4 8 8 0 8 8
Type 5 8 8 8 0 8
Type 6 2 2 2 2 0
Total 18 23 15 15 21
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 18 22 14 14 21 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 10 14 6 6 13
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 4 2 1
Last Assignment 1 0 0 0 0 0
1 2 1 4 2 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24 22 19 26 37
Cumulative Solution 0 24 46 65 91 128
Integer Sum 0 24 46 65 91 128
Previous Sum 0 0 24 46 65 91
Initial Schedule 0 24 22 19 26 37
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 24 24 24 24 2
Type 3 22 0 22 22 22 2
Type 4 19 19 0 19 19 1
Type 5 26 26 26 0 26 2
Type 6 37 37 37 37 0 3
Total 104 106 109 102 91 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 4 4 4 4
Type 3 2 0 2 2 2
Type 4 9 9 0 9 9
Type 5 6 6 6 0 6
Type 6 7 7 7 7 0
Total 24 26 19 22 21
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 24 26 19 22 21 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 8 10 3 6 5
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 1 2 3
Last Assignment 2 0 0 0 0 0
2 2 2 1 2 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 14.25 40.25 19.25 20.25 21.25
Cumulative Solution 0 14.25 54.5 73.75 94 115.25
Integer Sum 0 15 55 74 94 116
Previous Sum 0 0 15 55 74 94
Initial Schedule 0 15 40 19 20 22
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 15 15 15 15 1
Type 3 40 0 40 40 40 4
Type 4 19 19 0 19 19 1
Type 5 20 20 20 0 20 2
Type 6 22 22 22 22 0 2
Total 101 76 97 96 94 10
Remaining Hours
'type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 0 0 0 0 0
Type 4 9 9 0 9 9
Type 5 0 0 0 0 0
Type 6 2 2 2 2 0
Total 11 16 7 16 14
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 11 15 6 15 14 Hours
Full Time Hours Assigned 1 1 0 1 1 10
Part Time Hours 1 5 6 5 4
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 4 1 2 2
Last Assignment 1 0 0 0 0 0
1 1 4 1 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 27.25 33.25 27.25 14.25 20.25
Cumulative Solution 0 27.25 60.5 87.75 102 122.25
Integer Sum 0 28 61 88 102 123
Previous Sum 0 0 28 61 88 102
Initial Schedule 0 28 33 27 14 21
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 28 28 28 28 2
Type 3 33 0 33 33 33 3
Type 4 27 27 0 27 27 2
Type 5 14 14 14 0 14 1
Type 6 21 21 21 21 0 2
Total 95 90 96 109 102 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 8 8 8 8
Type 3 3 0 3 3 3
Type 4 7 7 0 7 7
Type 5 4 4 4 0 4
Type 6 1 1 1 1 0
Total 15 20 16 19 22
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 15 19 15 18 22 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 11 7 10 14
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 3 2 1 2
Last Assignment 1 0 0 0 0 0
1 2 3 2 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 8.25 26.25 19.25 34.25 37.25
Cumulative Solution 0 8.25 34.5 53.75 88 125.25
Integer Sum 0 9 35 54 88 126
Previous Sum 0 0 9 35 54 88
Initial Schedule 0 9 26 19 34 38
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 9 9 9 9 0
Type 3 26 0 26 26 26 2
Type 4 19 19 0 19 19 1
Type 5 34 34 34 0 34 3
Type 6 38 38 38 38 0 3
Total 117 100 107 92 88 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 9 9 9 9
Type 3 6 0 6 6 6
Type 4 9 9 0 9 9
Type 5 4 4 4 0 4
Type 6 8 8 8 8 0
Total 27 30 27 32 28
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 27 29 26 31 28 Hours
Full Time Hours Assigned 3 3 3 3 3 8
Part Time Hours 3 5 2 7 4
Final Assignment Type 1
Number Last Assignment 3
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 0 2 1 3 3
Last Assignment 3 0 0 0 0 0
3 0 2 1 3 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 26.75 27.75 5.75 18.75 44.75
Cumulative Solution 0 26.75 54.5 60.25 79 123.75
Integer Sum 0 27 55 61 79 124
Previous Sum 0 0 27 55 61 79
Initial Schedule 0 27 28 6 18 45
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 27 27 27 27 2
Type 3 28 0 28 28 28 2
Type 4 6 6 0 6 6 0
Type 5 18 18 18 0 18 1
Type 6 45 45 45 45 0 4
Total 97 96 118 106 79 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 8 0 8 8 8
Type 4 6 6 0 6 6
Type 5 8 8 8 0 8
Type 6 5 5 5 5 0
Total 27 26 28 26 29
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 27 26 28 25 29 Hours
Full Time Hours Assigned 3 3 3 3 3 8
Part Time Hours 3 2 4 1 5
Final Assignment Type 1
Number Last Assignment 3
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 0 1 4
Last Assignment 3 0 0 0 0 0
3 2 2 0 1 4









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 40.75 8.75 31.75 16.75 22.75
Cumulative Solution 0 40.75 49.5 81.25 98 120.75
Integer Sum 0 41 50 82 98 121
Previous Sum 0 0 41 50 82 98
Initial Schedule 0 41 9 32 16 23
Initial Assignment Sim Mon Tues Wed Thurs #FT
TVpe 1 0 0 0 0 0 0
Type 2 0 41 41 41 41 4
Type 3 9 0 9 9 9 0
Type 4 32 32 0 32 32 3
Type 5 16 16 16 0 16 1
Type 6 23 23 23 23 0 2
Total 80 112 89 105 98 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 1 1 1 1
Type 3 9 0 9 9 9
Type 4 2 2 0 2 2
Type 5 6 6 6 0 6
Type 6 3 3 3 3 0
Total 20 12 19 15 18
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 20 12 19 14 18 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 12 4 11 6 10
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 4 0 3 1 2
Last Assignment 1 0 0 0 0 0
1 4 0 3 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 19.75 18.75 15.75 24.75 42.75
Cumulative Solution 0 19.75 38.5 54.25 79 121.75
Integer Sum 0 20 39 55 79 122
Previous Sum 0 0 20 39 55 79
Initial Schedule 0 20 19 16 24 43
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 20 20 20 20 2
Type 3 19 0 19 19 19 1
Type 4 16 16 0 16 16 1
Type 5 24 24 24 0 24 2
Type 6 43 43 43 43 0 4
Total 102 103 106 98 79 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 9 0 9 9 9
Type 4 6 6 0 6 6
Type 5 4 4 4 0 4
Type 6 3 3 3 3 0
Total 22 13 16 18 19
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 22 13 16 17 19 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 14 5 8 9 11
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 1 2 4
Last Assignment 1 0 0 0 0 0
1 2 1 1 2 4









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.3333 42.3333 28.3333 30.3333 0
Cumulative Solution 0 24.3333 66.6666 94.9999 125.3332 125.3332
Integer Sum 0 25 67 95 126 126
Previous Sum 0 0 25 67 95 126
Initial Schedule 0 25 42 28 31 0
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 O 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 42 O 42 42 42 4
Type 4 28 28 0 28 28 2
Type 5 31 31 31 0 31 3
Type 6 0 O 0 0 0 0
Total 101 84 98 95 126 11
Remaining Hours
Type 1 O 0 0 0 O
Type 2 0 5 5 5 5
Type 3 2 O 2 2 2
Type 4 8 8 0 8 8
Type 5 1 1 1 0 1
Type 6 0 0 0 0 0
Total 11 14 8 15 16
Last Assignment
Slack 0 1 1 0 -4
Adjusted Remaining Hours 11 13 7 15 20 Hours
Full Time Hours Assigned 1 1 O 1 1 10
Part Time Hours 1 3 7 5 10
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 TypeS Type 6
Initial Assignment 0 2 4 2 3 0
Last Assignment 1 0 0 0 0 0
1 2 4 2 3 0
Number Of Full Time
Employees 12
ARTHUR LAKES LIBRARY 
S w o  SCHOOL OF MINES 








Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 26 40 16 23 16
Cumulative Solution 0 26 66 82 105 121
Integer Siam 0 26 66 82 105 121
Previous Sum 0 0 26 66 82 105
Initial Schedule 0 26 40 16 23 16
Initial Assignment Sun Mon Tues Wed - Thurs # FT.
Type 1 0 0 0 0 0 0
Type 2 0 26 26 26 26 2
TVpe 3 40 0 40 40 40 4
Type 4 16 16 0 16 16 1
Type 5 23 23 23 0 23 2
Type 6 16 16 16 16 0 1
Total 95 81 105 98 105 10
Remaining Horns
Type 1 0 0 0 0 0
Type 2 0 6 6 6 6
Type 3 0 0 0 0 0
Type 4 6 6 0 6 6
Type 5 3 3 3 0 3
Type 6 6 6 6 6 0
Total 15 21 15 18 15
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 15 21 15 18 15 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 13 7 10 7
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 4 1 2 1
Last Assignment 1 0 0 0 0 0
1 2 4 1 2 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 31.25 35.25 21.25 26.25 22.25
Cumulative Solution 0 31.25 66.5 87.75 114 136.25
Integer Sum 0 32 67 88 114 137
Previous Sum 0 0 32 67 88 114
Initial Schedule 0 32 35 21 26 23
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 32 32 32 32 3
Type 3 35 0 35 35 35 3
Type 4 21 21 0 21 21 2
Type 5 26 26 26 0 26 2
Type 6 23 23 23 23 0 2
Total 105 102 116 111 114 12
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 2 2 2 2
Type 3 5 0 5 5 5
Type 4 1 1 0 1 1
Type 5 6 6 6 0 6
Type 6 3 3 3 3 0
Total 15 12 16 11 14
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 15 11 15 10 14 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 3 7 2 6
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 3 2 2 2
Last Assignment 1 0 0 0 0 0
1 3 3 2 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 19.25 16.25 43.25 35.25 14.25
Cumulative Solution 0 19.25 35.5 78.75 114 128.25
Integer Sum 0 20 36 79 114 129
Previous Sum 0 0 20 36 79 114
Initial Schedule 0 20 16 43 35 15
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 20 20 20 20 2
Type 3 16 0 16 16 16 1
Type 4 43 43 0 43 43 4
Type 5 35 35 35 0 35 3
Type 6 15 15 15 15 0 1
Total 109 113 86 94 114 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 6 0 6 6 6
Type 4 3 3 0 3 3
Type 5 5 5 5 0 5
Type 6 5 5 5 5 0
Total 19 13 16 14 14
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 19 12 15 13 14 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 11 4 7 5 6
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 4 3 1
Last Assignment 1 0 0 0 0 0
1 2 1 4 3 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 26.25 35.25 31.25 21.25 7.25
Cumulative Solution 0 26.25 61.5 92.75 114 121.25
Integer Sum 0 27 62 93 114 122
Previous Sum 0 0 27 62 93 114
Initial Schedule 0 27 35 31 21 8
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 27 27 27 27 2
Type 3 35 0 35 35 35 3
Type 4 31 31 0 31 31 3
Type 5 21 21 21 0 21 2
Type 6 8 8 8 8 0 0
Total 95 87 91 101 114 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 5 0 5 5 5
Type 4 1 1 0 1 1
Type 5 1 1 1 1
Type 6 8 8 8 8 0
Total 15 17 21 21 14
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 15 16 20 20 14 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 8 12 12 6
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 3 3 2 0
Last Assignment 1 0 0 0 0 0
1 2 3 3 2 0









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 38.25 21.25 33.25 10.25 17.25
Cumulative Solution 0 38.25 59.5 92.75 103 120.25
Integer Sum 0 39 60 93 103 121
Previous Sum 0 0 39 60 93 103
Initial Schedule 0 39 21 33 10 18
Initial Assignment Sim Mon Tues Wed Thurs # FT
Type l 0 0 0 0 0 0
Type 2 0 39 39 39 39 3
Type 3 21 0 21 21 21 2
Type 4 33 33 0 33 33 3
Type 5 10 10 10 0 10 1
Type 6 18 18 18 18 0 1
Total 82 100 88 111 103 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 9 9 9 9
Type 3 1 0 1 1 1
Type 4 3 3 0 3 3
Type 5 0 0 0 0 0
Type 6 8 8 8 8 0
Total 12 20 18 21 13
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 12 19 17 20 13 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 4 11 9 12 5
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 3 1 1
Last Assignment 1 0 0 0 0 0
1 3 2 3 1 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 32.75 26.75 7.75 18.75 28.75
Cumulative Solution 0 32.75 59.5 67.25 86 114.75
Integer Sum 0 33 60 68 86 115
Previous Sum 0 0 33 60 68 86
Initial Schedule 0 33 27 8 18 29
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 33 33 33 33 3
Type 3 27 0 27 27 27 2
Type 4 8 8 0 8 .8 0
Type 5 18 18 18 0 18 1
Type 6 29 29 29 29 0 2
Total 82 88 107 97 86 8
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 3 3 3 3
Type 3 7 0 7 7 7
Type 4 8 8 0 8 8
Type 5 8 8 8 0 8
Type 6 9 9 9 9 0
Total 32 28 27 27 26
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 32 28 27 26 26 Hours
Full Time Hours Assigned 3 3 3 3 3 8
Part Time Hours 8 4 3 2 2
Final Assignment Type 1
Number Last Assignment 3
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 0 1 2
Last Assignment 3 0 0 0 0 0
3 3 2 0 1 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 27 27 6 29 40
Cumulative Solution 0 27 54 60 89 129
Integer Sum 0 27 54 60 89 129
Previous Sum 0 0 27 54 60 89
Initial Schedule 0 27 27 6 29 40
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 27 27 27 27 2
Type 3 27 0 27 27 27 2
Type 4 6 6 0 6 6 0
Type 5 29 29 29 0 29 2
Type 6 40 40 40 40 0 4
Total 102 102 123 100 89 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 7 0 7 7 7
Type 4 6 6 0 6 6
Type 5 9 9 9 0 9
Type 6 0 0 0 0 0
Total 22 22 23 20 29
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 22 22 23 20 29 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 6 6 7 4 13
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 0 2 4
Last Assignment 2 0 0 0 0 0
2 2 2 0 2 4









Heuristic Solution: Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 22 26 35 27 20
Cumulative Solution 0 22 48 83 110 130
Integer Sum 0 22 48 83 110 130
Previous Siam 0 0 22 48 83 110
Initial Schedule 0 22 26 35 27 20
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 22 22 22 22 2
Type 3 26 0 26 26 26 2
Type 4 35 35 0 35 35 3
Type 5 27 27 27 0 27 2
Type 6 20 20 20 20 0 2
Total 108 104 95 103 110 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 2 2 2 2
Type 3 6 0 6 6 6
Type 4 5 5 0 5 5
Type 5 7 7 7 0 7
Type 6 0 0 0 0 0
Total 18 14 15 13 20
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 18 14 15 13 20 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 10 6 7 5 12
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 3 2 2
Last Assignment 1 0 0 0 0 0
1 2 2 3 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 34.5 24.5 19.5 34.5 8.5
Cumulative Solution 0 34.5 59 78.5 113 121.5
Integer Sum 0 35 59 79 113 122
Previous Sum 0 0 35 59 79 113
Initial Schedule 0 35 24 20 34 9
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 ' 0 0
Type 2 0 35 35 35 35 3
Type 3 24 0 24 24 24 2
Type 4 20 20 0 20 20 2
Type 5 34 34 34 0 34 3
Type 6 9 9 9 9 0 0
Total 87 98 102 88 113 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 4 0 4 4 4
Type 4 0 0 0 0 0
Type 5 4 4 4 0 4
Type 6 9 9 9 9 0
Total 17 18 22 18 13
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 17 17 22 17 13 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 9 9 14 9 5
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 2 3 0
Last Assignment 1 0 0 0 0 0
1 3 2 2 3 0









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 16.75 18.75 36.75 24.75 25.75
Cumulative Solution 0 16.75 35.5 72.25 97 122.75
Integer Sum 0 17 36 73 97 123
Previous Sum 0 0 17 36 73 97
Initial Schedule 0 17 19 37 24 26
Initial=Assignment Sim Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 17 17 17 17 1
Type 3 19 0 19 19 19 1
Type 4 37 37 0 37 37 3
Type 5 24 24 24 0 24 2
Type 6 26 26 26 26 0 2
Total 106 104 86 99 97 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 9 0 9 9 9
Type 4 7 7 0 7 7
Type 5 4 4 4 0 4
Type 6 6 6 6 6 0
Total 26 24 26 29 27
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 26 24 26 28 27 Hours
Full Time Hours Assigned 3 3 3 3 3 8
Part Time Hours 2 0 2 4 3
Final Assignment Type 1
Number Last Assignment 3
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 1 3 2 2
Last Assignment 3 0 0 0 0 0
3 1 1 3 2 2
Number Of Full Time
Employees 12
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF M IN K  








Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 6.75 36.75 37.75 18.75 31.75
Cumulative Solution 0 6.75 43.5 81.25 100 131.75
Integer Sum 0 7 44 82 100 132
Previous Sum 0 0 7 44 82 100
Initial Schedule 0 7 37 38 18 32
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 7 7 7 7 0
Type3 37 0 37 37 37 3
Type 4 38 38 0 38 38 3
Type 5 18 18 18 0 18 1
Type 6 32 32 32 32 0 3
Total 125 95 94 114 100 10
Remaining Hours
TVpe 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 7 0 7 7 7
Type 4 8 8 0 8 8
Type 5 8 8 8 0 8
Type 6 2 2 2 2 0
Total 25 25 24 24 30
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 25 25 24 23 30 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 9 9 8 7 14
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 0 3 3 1 3
Last Assignment 2 0 0 0 0 0
2 0 3 3 1 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 25.25 20.25 22.25 36.25 16.25
Cumulative Solution 0 25.25 45.5 67.75 104 120.25
Integer Sum 0 26 46 68 104 121
Previous Sum 0 0 26 46 68 104
Initial Schedule 0 26 20 22 36 17
Initial Assignment Sun Mon . Tues Wed Thurs # FT
Type 1 . 0 . 0 0 0 0 0
Type 2 0 26 26 26 26 2
Type 3 20 0 20 20 20 2
Type 4 22 22 0 22 . 22 2
Type 5 36 36 36 0 36 3
Type 6 17 17 17 17 0 1
Total 95 101 99 85 104 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 6 6 6 6
Type 3 0 0 0 0 0
Type 4 2 2 0 2 2
Type 5 6 6 6 0 6
Type 6 7 7 7 7 0
Total 15 21 19 15 14
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 15 20 18 14 14 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 7 12 10 6 6
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 2 2 3 1
Last Assignment 1 0 0 0 0 0
1 2 2 2 3 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 24.75 9.75 32.75 23.75 32.75
Cumulative Solution 0 24.75 34.5 67.25 91 123.75
Integer Sum 0 25 35 68 91 124
Previous Sum 0 0 25 35 68 91
Initial Schedule 0 25 10 33 23 33
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 25 25 25 25 2
Type 3 10 0 10 10 10 1
Type 4 33 33 0 33 33 3
Type 5 23 23 23 0 23 2
Type 6 33 33 33 33 0 3
Total 99 114 91 101 91 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 5 5 5 5
Type 3 0 0 0 0 0
Type 4 3 3 0 3 3
Type 5 3 3 3 0 3
Type 6 3 3 3 3 0
Total 9 14 11 11 11
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 9 14 11 10 11 Hours
Full Time Hours Assigned 1 1 1 1 1 8
Part Time Hours 1 6 3 2 3
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 3 2 3
Last Assignment 1 0 0 0 0 0
1 2 1 3 2 3









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 13.5 39.5 35.5 18.5 18.5
Cumulative Solution 0 13.5 53 88.5 107 125.5
Integer Sum 0 14 53 89 107 126
Previous Sum 0 0 14 53 89 107
Initial Schedule 0 14 39 36 18 19
Initial Assignment Sun Mon Tues Wed Thurs , # FT
Type 1 0 0 0 0 0 0
Type 2 0 14 14 14 14 1
Type 3 39 0 39 39 39 3
Type 4 36 36 0 36 36 3
Type 5 18 18 18 0 18 1
Type 6 19 19 19 19 0 1
Total 112 87 90 108 107 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 4 4 4 4
Type 3 9 0 9 9 9
Type 4 6 6 0 6 6
Type 5 8 8 8 0 8
Type 6 9 9 9 9 0
Total 32 27 30 28 27
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 32 26 30 27 27 Hours
Full Time Hours Assigned 3 3 3 3 3 8
Part Time Hours 8 2 6 3 3
Final Assignment Type 1
Number Last Assignment 3
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 3 3 1 1
Last Assignment 3 0 0 0 0 0
3 1 3 3 1 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 39.75 11.75 10.75 41.75 18.75
Cumulative Solution 0 39.75 51.5 62.25 104 122.75
Integer Sum 0 40 52 63 104 123
Previous Sum 0 0 40 52 63 104
Initial Schedule 0 40 12 11 41 19
Initial Assignment Sun Mon Tues Wed Thurs # FT
TVpe 1 0 0 0 0 0 0
Type 2 0 40 40 40 40 4
Type 3 12 0 12 12 12 . 1
Type 4 11 11 0 11 11 1
Type 5 41 41 41 0 41 4
Type 6 19 19 19 19 0 1
Total 83 111 112 82 104 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 2 0 2 2 2
Type 4 1 1 0 1 1
Type 5 1 1 1 0 1
Type 6 9 9 9 9 0
Total 13 11 12 12 4
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 13 11 12 11 4 Hours
Full Time Hours Assigned 1 1 1 1 0 10
Part Time Hours 3 1 2 1 4
Final Assignment Type 1
Number Last Assignment 1
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 4 1 1 4 1
Last Assignment 1 0 0 0 0 0
1 4 1 1 4 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 36.5 28.5 19.5 24.5 16.5
Cumulative Solution 0 36.5 65 84.5 109 125.5
Integer Sum 0 37 65 85 109 126
Previous Sum 0 0 37 65 85 109
Initial Schedule 0 37 28 20 24 17
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 -0 0 0 0 0 0
Type 2 0 37 37 37 37 3
Type 3 28 0 28 28 28 2
Type 4 20 20 0 20 20 2
Type 5 24 24 24 0 24 2
Type 6 17 17 17 17 0 1
Total 89 98 106 102 109 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 8 0 8 8 8
Type 4 0 0 0 0 0
Type 5 4 4 4 0 4
Type 6 7 7 7 7 0
Total 19 18 26 22 19
Last Assignment
Slack 0 1 0 1 0
Adjusted Remaining Hours 19 17 26 21 19 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 3 1 10 5 3
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 2 2 2 1
Last Assignment 2 0 0 0 0 0
2 3 2 2 2 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 36.25 30.25 19.25 8.25 27.25
Cumulative Solution 0 36.25 66.5 85.75 94 121.25
Integer Sum 0 37 67 86 94 122
Previous Sum 0 0 37 67 86 94
Initial Schedule 0 37 30 19 8 28
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1......................... 0 0 0 0 0 0
Type 2 ................................ 0 37 37 37 37 3
Type 3 30 0 30 30 30 3
Type 4 19 19 0 19 19 1
Type 5 8 8 8 0 8 0
Type 6 28 28 28 28 0 2
Total 85 92 103 114 94 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 0 0 0 0 0
Type 4 9 9 0 9 9
Type 5 8 8 8 0 8
Type 6 8 8 8 8 0
Total 25 32 23 24 24
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 25 31 22 23 24 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 9 15 6 7 8
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 3 3 1 0 2
Last Assignment 2 0 0 0 0 0
2 3 3 1 0 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 23 19 26 29 20
Cumulative Solution 0 23 42 68 97 117
Integer Sum 0 23 42 68 97 117
Previous Sum 0 0 23 42 68 97
Initial Schedule 0 23 19 26 29 20
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 23 23 23 23 2
Type 3 19 0 19 19 19 1
Type 4 26 26 0 26 26 2
Type 5 29 29 29 0 29 2
Type 6 20 20 20 20 0 2
Total 94 98 91 88 97 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 3 3 3 3
Type 3 9 0 9 9 9
Type 4 6 6 0 6 6
Type 5 9 9 9 0 9
Type 6 0 0 0 0 0
Total 24 18 21 18 27
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 24 18 21 18 27 Hours
Full Time Hours Assigned 2 2 2 2 2 6
Part Time Hours 8 2 5 2 11
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 2 2 2
Last Assignment 2 0 0 0 0 0
2 2 1 2 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 15.25 21.25 40.25 27.25 19.25
Cumulative Solution 0 15.25 36.5 76.75 104 123.25
Integer Sum O 16 37 77 104 124
Previous Sum 0 0 16 37 77 104
Initial Schedule 0 16 21 40 27 20
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 16 16 16 16 1
Type 3 21 0 21 21 21 2
Type 4 40 40 0 40 40 4
Type 5 27 27 27 0 27 2
Type 6 20 20 20 20 0 2
Total 108 103 84 97 104 11
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 6 6 6 6
Type 3 1 0 1 1 1
Type 4 0 0 0 0 0
Type 5 7 7 7 0 7
Type 6 0 0 0 0 0
Total 8 13 14 7 14
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 8 12 13 6 14 Hours
Full Time Hours Assigned 0 O 0 0 0 0
Part Time Hours 8 12 13 6 14
Final Assignment Type 1
Number Last Assignment 0
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 2 4 2 2
Last Assignment 0 0 0 0 0 0
0 1 2 4 2 2
Number Of Full Time
Employees 11
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF M INES 








Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 19.25 37.25 26.25 25.25 17.25
Cumulative Solution 0 19.25 56.5 82.75 108 125.25
Integer Sum 0 20 57 83 108 126
Previous Sum 0 0 20 57 83 108
Initial Schedule 0 20 37 26 25 18
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 20 20 20 20 2
Type 3 37 0 37 37 37 3
Type 4 26 26 0 26 26 2
Type 5 25 25 25 0 25 2
Type 6 18 18 18 18 0 1
Total 106 89 100 101 108 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 0 0 0 0
Type 3 7 0 7 7 7
Type 4 6 6 0 6 6
Type 5 5 5 5 0 5
Type 6 8 8 8 8 0
Total 26 19 20 21 18
Last Assignment
Slack 0 1 1 1 0
Adjusted Remaining Hours 26 18 19 20 18 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 10 2 3 4 2
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 3 2 2 1
Last Assignment 2 0 0 0 0 0
2 2 3 2 2 1









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 12.75 26.75 34.75 23.75 27.75
Cumulative Solution 0 12.75 39.5 74.25 98 125.75
Integer Sum 0 13 40 75 98 126
Previous Sum 0 0 13 40 75 98
Initial Schedule 0 13 27 35 23 28
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1 0 0 0 0 0 0
Type 2 0 13 13 13 13 1
Type 3 27 0 27 27 27 2
Type 4 35 35 0 35 35 3
Type 5 23 23 23 0 23 2
Type 6 28 28 28 28 0 2
Total 113 99 91 103 98 10
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 3 3 3 3
Type 3 7 0 7 7 7
Type 4 5 5 0 5 5
Type 5 3 3 3 0 3
Type 6 8 8 8 8 0
Total 23 19 21 23 18
Last Assignment
Slack 0 0 0 1 0
Adjusted Remaining Hours 23 19 21 22 18 Hours
Full Time Hours Assigned 2 2 2 2 2 8
Part Time Hours 7 3 5 6 2
Final Assignment Type 1
Number Last Assignment 2
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 1 2 3 2 2
Last Assignment 2 0 0 0 0 0
2 1 2 3 2 2









Heuristic Solution Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
LP Solution 0 27 16 32 29 19
Cumulative Solution 0 27 43 75 104 123
Integer Sum 0 27 43 75 104 123
Previous Sum 0 0 27 43 75 104
Initial Schedule 0 27 16 32 29 19
Initial Assignment Sun Mon Tues Wed Thurs # FT
Type 1. 0 0 0 0 0 0
Type 2 0 27 27 27 27 2
Type 3 16 0 16 16 16 1
Type 4 32 32 0 32 32 3
Type 5 29 29 29 0 29 2
Type 6 19 19 19 19 0 1
Total 96 107 91 94 104 9
Remaining Hours
Type 1 0 0 0 0 0
Type 2 0 7 7 7 7
Type 3 6 0 6 6 6
Type 4 2 2 0 2 2
Type 5 9 9 9 0 9
Type 6 9 9 9 9 0
Total 26 27 31 24 24
Last Assignment
Slack 0 0 0 0 0
Adjusted Remaining Hours 26 27 31 24 24 Hours
Full Time Hours Assigned 3 3 3 3 3 8
Part Time Hours 2 3 7 0 0
Final Assignment Type 1
Number Last Assignment 3
Final Assignment Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Initial Assignment 0 2 1 3 2 1
Last Assignment 3 0 0 0 0 0
3 2 1 3 2 1
Number Of Full Time
Employees 12
